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<jU »a£J1 ij^Lij JjllLi <La^n-ll £
^jLj^JI Ijl la! .iif-L^a

i^jjj^a. <jJ^fc Jj^J i^jLflJI j\ jrt-oJJ cl^xu t4-ij * ir>1 1 4jLc (j \ i rij j^aill

<_>ujjj ii_u£JI 6 jil> (JjI 4jjjJl1I 4ju£JLI jjjjjJj .liarj J <l

ol ^K
»
j «4joJ£» ^ > ^~ (jl 4_ii cLuj "jl L&aj •L^J ^jjjlII [^jlill £j^l

ifllilll ^JLc J I IflnpS^J tiixuLuSllj fi)J-> II f\al»JI i_jj£ iaja.jrtJ

<_£j-a Jx. iiUHI Liitj |k^i»JI — J$>iaJI Jjj^l j ^1 — J I tAV^ll ^

<j ixoiaJI 4.nyJLl\ CjIoj jIj lol t <La.lljl J^-^ * Uaa '/T (jt

iiUI (_£j~UJ JJ 0*11 ^r"lfl"> (jl JjO < n Jjajlj .JjJ j i fll'l^jiii J-iljjl

(j-o J£ J ii^fl ^ujllll j*^ ' ' '"J SLxaJI y^ljj nU II g> j 'i 11 Jj iii ij

J^t 4.1 nl« II 4. /i -vj^J
I
j Loj.nf. 4^k.jRjl ilLtuj clj"i! 4x, La uu ^utlll jjJ (2)-°

.
t
_yQ^l^3-^JI ^-^5

(JjI Jjalj cL>.j LiKj I J-t) (jA-i
(_J

jJI <_ilj^JI /J Lji^rJu jij

t_>jijj .^jJjJlJI J^iajJI <j 4j.ai.tJ I iiLftUI £j*^> (Jl ^AJ»_u3 <GjJ jij < ijiAit
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JjJjJI l_£J juii ^pjl 4-jj-n mil iibjJaJI i~iO m't'sl LaikC dUjJ i<Lu;jjJ>l

jj -.a .^."Xlj (4 tic Oj^ (^jJI £-tol^J-U ^oijjll (Jj"
...*U 4 1 invlL> «^j^Lll

CjJ^i>. dij '(^jaJI » a-U=JI j»£JI Iflj ^1,16")
(_y

lJl 4jjIjJI 4-kl noil JLJI

JLojaJL ^JLoli (jjJI^ jvixJI j frLjiSil Ji^fll LoLgJJ JjSlI Sj-oU (^j^Ii

ij> a>j »*M" (>-a1vH ^jjc I

j
>o-^j

(J
jJ| 4a ifl~t II ^j-bj iiLLujJIj

d .
.^ A. 1 1 (jnfl'i i Qj •» in >i5j 1 J ir>j jl Jj^ai

cio»r><lj — dJj oaj L^jl^5 — o-^ jH C. P. Snow ^Iuj iJjj

:4 infl ) f-^iJI

;K dJj r£J

^Lol J ^jlill JLa^Jlj 4-Lal m ill ^1 ^i. .Brighton J^U; J Sussex



JjLuil JaJ ijaisLjJI CjLo-^sjJIj Jj^sLfllll ^ J 1 S'm-J Si jlSLa^l

jfJsu (jl JJJJJ «j»£-!l IS-Ajlifo C^jLaua SjcLhaj iiC^iJI

S^jLU SjLi 4 I o j La J{La JLa^Jlj J^.l <<~ill J^o Jftt J f»>»JI pLi^iiJI ^Jlt

oaib j5 JjSlI 5^ .n ill 5^5 ^Li dJj £_aj j^I^iJI (jL*J=JLi ijjLLo VI

V

ft — ft ft . 5

Lf-^ L^^* *j

' Jj (Jj^l CjLsI njA'JI JjIyG 4-1oLA~J,I JpLftA.ll JJt Cwjuil

jq t-i"> oljj ^ti t H jJjiJt .-.1 »*» .'.I II ijljjj c-il i'm •» i mil ijL^j ^ a a

(j^i^i-^'JI y\X. jjj ta U "j * 1 1 II jJLc ji.<Jfl"< Jjl Cj^LLoj i_>jS

ft ft

oJut 5pIjij ^ La I I JLa^a jXua i ann^j ^jl jji-oj ££jL»

ojA.1 4 diflj cJijJI J tjx^l 5jj</M JaaJI lag i (kLiiJI j~>"> ^Liajlj _>j«Jul

.|^JI j ijl^c oL^xJI

Jj-LaJij pi iVsll j J^a.Jlj <_^5a»11 J$£.l jjl pLuSlI 1̂ ..»«->. Sij

^ (^lo OLilk J^LII JoC (kLI >Xa.l jj l^-a>lj «5jjjjJI jliiSlI ^j-Q^i

oLJl^ JjUil ^ 2-°^ 4 J (
BBC

) ^ tr*

Jl <dj^JJ lLj^ jjJcl ^.iJI (Malcolm Muggeridge) ^jj^^ jJjSJU

^'M-t-Lj jIjLojI t4j%jinLI jljvul Jx. IjSja yoiJI J^jJI I jjj> JL5 ^1

jj ((.L^i^JU 4j1 ^ytjj jl CjljLa.^11 J£ *iLa.j llA ^1 j<£.))
:
JLflj

(_>uJj — (^Jjjl Lajlj <CjLjU.)!I yta. 5i_>A^ (^JJ ^ jJjlJI jjl I^ryiuj

4,Qjfia.,|l ^L_) 4X.LlflJlj jIULI JjLaj^l J_c LI Leu I JLalxj ^jJI jib — ^L*J1

4>jj* j \ljU~ ...Nit j j ,ni cu^j ((.p^i (_jl (j Afllicl ^ Ljt » :cj15j .iij^ji-o



oULJl A-al o5_9 .CjI oK H GJ-fl-1 ^ J nVs JjU>-_>$J.I j»-uJj-a

^OiVi "ill tS**^" JU">"wjl Jla 4jjLJi <Liklll CjLuqI J^a Ijgjuxtua

^cUi)!
Ly
i£j Lu <f£JI ,JUJ — ijjLslj-iLJI jl — i^L^I a^iUJI L&5lLa

pLlIj 4j (jjS-ujju ^jjl <_»<"i*s !1 SjL&J b^ji.irt ^-il^JI j Ci'i^ ^1

Ly
3l nftl.no j iiLjSjJI J^Lu'jlj ^ 7- ^ M ^a jry£JI JjJ»-=Jj ^jLiSJi jljcl

(^ojU (j-ajJ I fljfl ml ^jjJt ijx.lj'ill £-olj-J) j iaJalill <La1*JI

La (jU^oij .iuLkjjJI oi^iJL Lpl> ^jUI Tommy Vance

JiAfll ^ Jr^M J J
Ojlj (j —'JH* ^ 4jjLijL3>^|t ^oli 4jj. M il Ci fl u>S

Mandy ^JjLS ^jjLa jSj c^' *i jJ-' p^-"

jil jj^I ^jAaj Jj±\ {y> New Scientist o»r>\;Lu ^jj Caplin

aILsUJI ^pljLSifcl ^Aau Jjjj^Ij Christine Sutton

fjjj
La JSLj (jia-jj f4i 'JL^-LI ij^Jaoa oloxma II tLj^ J^a.

LljjJI <>> LiAjI cJjc Jj Kai Sjlil ij lV>">j ^IaIj Laji

^jJI (Rudolf Peierls) jjjro ^Jjjj jLi«,SLI lIj! jj-a-o Lilj t SjL=JI

4xLuJI» 4jj ->,*>) 4 i,r>LaJl ,jAjJt OJ^J J ..^-a'll ^^iJI o^Luus J<\->">

.«EPR (_)^isLjj)>j ">3j W ii->I)

4jj!SLa (J
I ^jjfi --» aj "*'<

^j (JjSlI IacI fi iiil " ' luj ^yjJI <i4^adfiall» »Loj?CJI

Llj^ «4 U mi^Um i_jj^JJj « II ^a j-it 4_ujjLJI j JJ«-> Ljlj CuS AjlLUa

Sjjj^j dLLu ^^ail ,jl ^Jaliol
(_fijl ^'nt'iil ^^lll ^Jl jl^il (j£- j%Xu Laj

(jxiSLtoj^oj 4_»_oUi. 4.)Vv.,0j (BBC) (_jo> ^jj ^jJJ ^JJj^La jjJ^SJLaj «J^ail
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tj^flJ) ^.n.lfc jl U - U><-.1 ^l", 1V1 i*j 4 u m'l II 4jjiaill ,jl ((^1 m'J

(Jj-o jr< i i.\JSj, I Cxo, i -k ~i >iil L^jj '**• JaLjjj'i!! a > (_j isjL^ 4 in <~i

CjLIjjJ jlis^l J^s 4 i i^it. SjLo Cj ajig t^C.'^m e-Lililj (jc jlsLLlll

lj| l ijkjLiJI .^JaLuSfl i3 f^J' Kj'^ll \ * i_sjjljj .

(_s
-oi»JI JLpJI J-a S-uat

4 I lU 4jiJ "^H UjjJLjo (_>u-iJj (_5jLa.ll j-\-C- (jiifl'tH ^ If
-j

j-lol A. "ill

*i (^Hlj ^LJI

Cj^LaJI J&\ iLaJi liljiuJl IIa 4~(j-_J^l ^_iLj£JI Ijjfc 4~5jfl^ It <jj
f-

fr
c

SjC Jl 4jIuo_> ^_il^JI Ijjfc t>>JJj .ii^Lu'il ixo_UJI CjLxul_;jJI <j



(ctLjjxiJI ijjU=» ^IjJI Fritjof Capra I^£ li^'w^i £

^

iijliaJI c^3^' pJ ^dJI o^aiHI ^ Ijjc The Tao of Physics

.4^3jCu]l 4.,jUuiflJLi ^jjjJLlI p U ,11 l-a.i^J d ) mi's ^fv-a > JLo J ^jj IjVg.^'i
p (] 1

jJij ''-^-^j isjJ p-ujL^- jl t~i I tlj^-J ^olc. ,3f>* Jy-

.p£JI 4j_>ki (JjS^-iu ^ f*^ 1 j4
- f^-

11 lluilw

^JaLvjJI ^C."^! tljlijl jl «<Lia__^vIj <LAfl_jjua)) ^J^- i.jj*a> >?>

4 iOfiJI ^jt LlA "-^ " (jl t.'J > Ifc ,Jj^J <i_ujjl1I ^jxiiQjl pjfi. jJbl^Jo £-a d*j

<

Jl 11 ^ 4fl <fl-v ^yjkj ip^jl K.ul£LJl 4fl ifl-wll

j-^-S »(_£,>=>-l 4 fl >n la I LoLoj ij-AL=>- ^ u«^_>1 jjfl aJi J| ^l^-2^ *^
J-^-S ip-LxJI

bjlj-ujij 4_ofiLaJI 4!L> ,1 ,i tjj^-o



l

_jAaJu& j^jjjj^i Lai jlj-a.
(jlfc?-

3- >_ilj£JI Ijjk ol*^ >3 6Jjjw^il Iki!!

jcLuj ifjjl .nft> ULc (Erwin Schrodinger) ^ajjj^i. ^

-

0 5 .' 5 ^

^ ^ 1 ><-i> cIJj njj^iiAJI (j^SJI oLilj^iifi- i-9i ^>7i'<^ ij

^yjjLaj — jJLjlcJI 4-U&lTill ^Lu-a.'jl dfrLu o"^-jL*ll tOJj 44jljJ^»JI

Sju^JI iij^kJL, LAjI tjjjjjj — jl Sj jJI (*•>->• j ^1 ciJj

j£-<u (J otfjLxU aOA Jj^J <>i-ueJI iiALiHI ^LiiSlI ^JU jv^iJ

(^ij^jJI JjLliJl jt) <L>L»JI ifj^jJl (SJ^*1 oLL=^o Ij^.^j ,j1 (^iLjAiiJ

(DNA) pflfl't... — ijljJeJI La^jfJI fie ^.j Uj <4olMI

jAaj LgJi clJj *-oj <4 1 1 mill ijjJalll ^ya JJol tlj-=«-
, 1 -i » > J-^J



Sum l*i ^jlJI t4 1 1 AL^JI J^aJI Lfcjj 4-Lal nm Jj-oj 11 K .'.!< . /»

J^jjjj%L 4_tii ill flf \^ "lull AflJ iL&JALuti "}| La.U£. pL-U)*}|I A] * a J LxC
(_£ I

.

1_j
-ojjJI ^JLjlIIj ^Jl j»JLft (JjiJI ^-S-^ j^j^J ^ ,

JJ^**-t0
"^

LuL^. j iijJUl tLjjiJI Ca^!^ v_aa ^Jl lyCj'tKjft ^JLc
l_J
ii

u^-a^l O^j '<^Jj Jjlsu "il a5 jl "Ho L^/^J) Ciajj 4*
3i mi & Sj3 I'Ka'M -lis

0.;0. 4_uaji 4 1 itm (j CjljjJI (JS=J^ (Jjij j ijjjiJ £_iiaj

i&j Ijl I fl" J-^ -j ^/_3U5 t^ybj <j .»K a" ^| JajuuaJL ((j^ 1110%:^ mn-v)

(jl — Ioj uaJLi (^jlTLijjl jiLc c-lj - • 1 1 — j^'l 1 J^jLa- j5j <^jl Hi's

(_| 4x.^jJaj«o Sjj^ jJ.1 Jj-o ijjjaJi Jj^oj i^iljj oLij-cuixiJl 1
8 ~> 111 C?-^

t^k 111 L^_i 4 1 » 1 aj 4 i~* d t J_C ^g^Tla I » o jj »*»>*> ^al 4_fl_Lsco 4_fl^£.

4') I'lflll ^pn's'n 4_» nil I Sj^JI o"j CjOz*. \j\ 'l"- pi i in^i 4iAil> Cv >*ij

4U5II CjjjjTI ^1 0.;0- i^a^i cUlllkj -4 Unll 0^-o3J ^ui]\ JlC 4 H

jJooj ^jl (jjJ — lI^JB-I' (j^^J 44-to^ajJI SLiaJl ^Jlx. ja_LfliLLo 1 ' a «

U

j ia-Lll jl ita. Lol ikjjjl — 4^.1^ J^jj - Jj uaJI Ji-lj

(^Jl n'l-w^l Jj;^" (j^-OJ "iLfi 4 '^U'.ll LUpj ,j»iJI ^JLfc <L\jC. ^UmaJI

^Lj^Lui lj| £-s'j J^.jj IJJj -4 Unll ^ 4 > nil! ajLoU 4jlouJ I

fr « t ^

^,1 4jajJI Ci l"i 8 <ijJ^-> ^1 i'K Q*»lt 1-1 (Jjft Lij^jca (j^ijJ^



p

Jjalj jjj jjfcLill .ia.1 j l-Vi > 4_La. Ci < i i.i I t&JJ^> v-C-

.aLjjjkLi 131 ^tii'i. ^La dliA (^j^-> (^jJI Lo ^jjj *><•> II

(jl» :Jjii (jl^j 4 jjj^a-l^ jjjLLuijjl (_^q <Loj^_aa Sjj > i ^ SjSLaJI cuL^

2 U . jsJLdl p< a-j ,^111 4_ijU; II J| ^ »i a «.J_pJLi >_ulL "i! uj_>JI

LoaSj iu 1 1 ^gj)" rll I I
."v)ll ^^uLtuill 4-ijlj mf f_y^^i Cj\ ~^J *«- *

(__yAij j llj iSLu ! jLi 'J ^ '' " Lq_Il1c (_yjJI ilLaJI 4_l_*jj|j p,JJLJ ^U~n

l_)Jxjxi*i)l ^ > ua » !•*» < ia'u p.Ua>j -'II j * jj^-> (jl jj 4j1 LiyLLo <SjSLaJI ajji

eLui^l iu«iljJ jjli^l

JjojG pLui"i!l (^LujI Sji_acw_ail 4_m_sl_jJI ^Lixu-tul I

fl"
U ,ntj i jSLaj

(J^jAaj Lojj^j tjl Ijjfc Jj-e j^-all (j-o jl <J_Lfl oLo 4j£J

fcljj (^jJI (3^^"' -i^l oLa.jja-a (^yJ _>-oJ«JI 4_j jiaJ j»J jjiJI

a On
p « „ ,

iJj-O-* J-a£ I I Mi*i^fl-> (_y"->j Li i—
>

J*'^ 4jua La. (jj ^ ^ A Y 4 *> u i
a i

,

^

i_sLiu^^ <AAi<ail v-jjUjiJI ^ Alain Aspect o^.w..! j^T ajjjLj

5ja51jJI J^.
IjSIUI jsj t

LS
*2\ji\ j^L II ^JLc ,_^Lol ^ Sj_a^_aJ>l ii»iljJI

I Aj-luLu^I ikjjilill tLflalaiU — ^Lu/ill j Sj^aaJJ

J\ cAjjai d^Lo i»>?^JI c^aLfl Sij Hidden Variables «iiiiJI

l3 ^^.^Jl
(

V^c LaJk^ia.! J >
"i i o (jl 0 ItVi t i^l I oLa-Luta. (j-a jtmn^

l3 (Jj-ua^ulL) 4-ij -s ">
1 1 "

.
a .^j -j tl -^1

1 La. I (j-a jjjjLiiiA ^/jiLajl

^)S_aJj (4jJtiljil jl i"i I Q I >A."« <n i LkjAjja. (j ^jSJ 4j^uIaJI Jn^iflll

jLsjij i^/Jul (j^-fll 4 l-i mljj 4 nifl'i j ) lqII ,j-a ^ o lU'it I ^\jjj^flj| 6Jj^LjbQ

(^J) ii^liiJ Uj3j .(Polarization) ^IK&W^I ^^..u i^U. ^Ifij

j^JlUI Sj*\ fl] I a .".

j

I Q »o > CJ-ai Ijl^ Sj^a^-j-e j^L 4 uu^LkJI £>jjk ^Li

I (V> i^UI ^ Laa HI jj-o «LiiiLa.» I'l U«" ...I .'H"^. (j^jj^ (jLi t^a^ II

I ri ft. S-wl (jUajjj^i 1 e\ Q > il t-i5"l ml jLi Lxjo tjJUul JS (>J^j^iJI 'L^-LS

_>Jalll a.jj Lajj al"A.j JjiiJL ^Lflll laLjj'i)! 4 tJjU jl jr^C <j^S)Li

.ijjil^oJI J^a.

W



_H*jjj_r^ ^iit i ll

Lc£ (j^jJji-ll 4 tj>U JLt ^-^ I jiid 4j (jjyjJ^ill J-C

I Q 'i n ^^aNi •*> II Jl J i i in ^1 Sjj i i-i i (jLjjjjiiJI 1~ j -j t^Jl ijjJaj dJjj

j^a.Sll <j£. 1 nftj-wl (^-i JJLjj-q (jL*-8.ijj Ljlfi ^jlj
ls

jl=>. Ci'^Li.tjjJI jA< l 4 lr» inl^j

^ j^jjI SjLil JtVn ^jl (j£-aj ^ 4 i \ iii'JI 4j_jJajJJ 1 t \\j if-j irill itjvju

Ci '"jlj 4^JL«JI (jjjLtuI j 4.n ilj Jja. 4jl !_ijI CjIjjIj tPj i ril l ^ya

4j_uiLuSll olojfii-^,11 dl^iui j a J.I.I ^tlt^t't SjJ^w iij^Jo ((ijjvflljjl))

c

* •

.6jrdLl JjJjsj

j >4 4jjuSIjJ1 <jc >iia ill "ill ^^Jj^ iki {jC ixs^A\ Loj

J^jj ^1 " ^ <^jJa 'II (jl jjk^il JaJa^ll I Jib £ya J J-*->

jij «4..^aiJI 4jI$j CiiiuI OJA (jl jrti. <<uKll ^^Jl
^j>q

0-11 j <U*ilj

Jj^i-> jjg (_^jJI 4.1 » jl^JU Jjjja. (Jl j^jjjyii 4Jai jjc jJl Laj (_£J5->

£-0 4j| "}J| i .

n « j diJj ^iilj -

f<
II l£jjK J 4 ilr. cjjLvlU j\ miuJI kVmj

J-Bj Ijl (jjl'l in'i l) (jja JJ^I
J-^-*

*— iri ' (j^ J ^ (j-o j^JLt Ijjj lilJj

^jaj Laic *5jli (Isaac Newton) .»[ olc ^







4juisjj p \t II ,jjlial (^J-ll jji U > .All i d ,.f 4jLqj'4j Jj-q 4_i_tjL=JI 4_ijiijj

^AjjUI iSLkJIj ij^fUlj <tLAiJI j ^Lrj-Lll J} ^jl ^jUI ^J^tJI Jlc

jklc ^ijLo J-C-J . ^ljI» II d i a ij ttLluOjSLlI >
fl

aj i4_ulj^aJI 4_m J >g llj

l3j i6_jiL) («4j^j nt^L£JI» eL)j_iiJI Jj^l ^.a-jiu (^yJ-ll) (jJ_aJJ *1-Oj-9 OjLuJ

tjjj^jj ,j^a Xj£& J-Jol frLjjilJI SjjAaJI ijj^jJI frljSlI Cjji*l ^viijjl (jjill

tljSlI u^-" LS^*^' ^j)^"llt (J-o ^j^^ill ^jjk L)3^ 4j1 "ill

c-LjjjilJL) ^jjuo JJij i^^lxil I a 'jl" i_)Li^JI \±tt> (jjjjJj 5 * .
w II

j ji*. ^ ( 4j£±u,y&l\ ;> J£>\ — ^Jl cLj^ — Sjj^JI

^yjlliu
(_f

jJI CjI^tjJljJI J^C oljLo>| d)LlA Cut^ ^j^-i clA^-1 JL0^-'

4jjj|ji (3-o "Jj <Lg3ljliaj
i i^ljSJI iSj^J 4jLuiljJ (jxuJ <Jjo LqjJ

^1 iii^ *jl dl_al*u a^l's.i'j ^\j£JL) tj-iAJI JjC jjJ_ajj jL£-s1 ^yiSj

d^alto (J^C ij^aJI Lulj-yj.. ^,1 tjjjfj L^j'

j_uaL». j\C — lAUua «

I

j — Lo I a - ^jl_j '4 LI ua o ^jj^-i JjS »
I . .i—.Sll

Jj-o iJ_aiio l^irw 4 a l~ ^ a 4jjjJaj .'II ,,. ^1 Jj ^ 4_ia.jLi.

Jj-oj »l 1 Jjl 4_L^^ajJI Lij Llljjj .(j^^ll j^Ja-m (jL^ ^jJ ^A^iiaJI

jjj J^c. diiSjL Jj-^ o i 4jlj i4jLi.ll O-uaj-a^ lj^ "i{ n ,j tLfljU



j».Luo.S!l i_flijjj ^ IjU jjjl idJj jju S^iLx c_aijVun L\jLa ^LJuSlI al&

fJilJ ^^JLflJ ^Li t(_,lJjUa jiau* J_c jJ^l. U15 JjljJ _jl oJjLv Ijlj

Ljic c_isjIj a_LLII J» -kj La lla>j t 4JjLkJI ^ k .111 fklflll dK"i-vl <u»jliu

.i<_ib j ^Jill J1_J dKl-J JUa jL» IjU 4 4j«jj _>c .JiSj-l

^jjLUI ^^jliJI Liiil»j .i^a-jLi. 6^5 4_Jc c*jil I jl iLlii itj^oj dj^-L

(JiLai <Lo p tn-i. J-t — 4_»_£j — 4-ia.jLk Sji «L»J^j <_£
jJ\ ^ajIjJI ^J^aj

guLiJI <jU it*.jl_JI SyLlI <ui _jjjl ^ i.i-s I) J-c e>jli\ cws-lo2

I jjii i-JJ^-J La Sjlcj tp II Jx. SyUI _>t t^jJl £jLu_JI jJb

j il__JI v-r2» ,_U_U» ^ S^iJI :U iLi <U!lk* iij^kj ^LUI (jjiLill

<J «4i^ll JaJ Jj (jt £<_yji»JI ji^I i oJIjJI l^JJJJ (j^jL5 .^jl II "lit

5j£ tij^ IjU ;aLaJj"ill j jLua^j 4J j\ iua Jai jj Jai J_J

LoLoj J^jLLaj t
_yullll Sj^ , i^pAll I j i ^jjj ^yill S_aill (jUfl i^jmMj ,jijjjll

^pJjUa
J-^-"' "^^v^^ ' Jl Ojvflll *jjl> ^jlJI S^aiJI

jLu Jai j jLiil alaJTill j ^ijJj ix>jLJI ikauljj JiLujl J| J imj

^Jjj jl -k fl'dl 4 lUf, c,jij .4 mflj iljUaJI ^ U 111 ...tji LoLaj L3J

IjLAj Jai Jj S^i gLjjj ^jjLusJI j Jlali^l ii^t ^jU. Jl oljLiJl

.jLAil a! 4jiijj L<u> 4 mfl'i ^jjLuaJI Jx. LoLaj LjLtu-a

j

(J^» joflll jl.iaj (j.OyQauJI ._Xly*vJl oljl J-o i^/uI^aJI 6 jj2> ^nfl~i^

jLlt'ill J tliil Ijlj ^jUJI jt^ o^tfl Jl iiLiij^L ^Jill

^jSll jJauu J-t ^LttaSlI djluj JJjS j^xiZ ^l^iJI al(5> dl^La.^11

4 jj mli oi'ijn i«^"l ^finYi" Lgjl tKj'iK ill (_yuuLul dJJlJ J5> in"t ^Jkj

(_y.il ml (^jt p 1 um dj I iiu j ''II |a_uL<aJL ^"s <u jj^Jjj (_7\jl I « i"a <4^jjjs

YY



(j£-°---l ^yo JjK jjJj (_jjJI (_5^5Jlj (^^ya^i\ oLcu-uiaJ I £-0 4_La.ljj

(jS-oIt jj-o ^jj^jfl ijJjiJI (j in-^i. J£ "Lc^-ojj ^J-*-* ifL^jJI (j

(j 4lxxij ^UJI ^ 4JLSJ JJLJ itLxJI Jjud jLjj ji (jj^-JI (j^ lt"^

£Jj jj Sj^ea j ^Jl ^rtJ^J (jj^U *UaL»JI SjlVill t>l& ZJLyuA'Z. II

£il>ll j u^-of J^i .oL^j^J 4_ua_>i_11 Sjlj^ll ij^a. <jx Jjlflll (jjjuu

ijJJJ tLijLc*. (j LS-Luxo 4-laj) w^ill Ljjljl mn (j Jruiu ^j-qJ I » in->. (jj^-* u'

j-a^ll tla> (jj^J^f pLJaJI jxlajco Sj'blla'^l Jx. 4j5j5->

i_H 1/1 1 1 tol Witt II JjJJ ' pLjjiu J^il 7*1 iil I jift J-^-J

CjI -> lUi^ifl ,JI LaJ t^AJI iJ^Lui ^juloj (2jI JjL*. LajAc 4jL L».Lij ^1

Lo£ 4 a_\5"i .n/> JojU-^ ,j eji^ll ijuil Jo~t')"» 4j j 'ill ^-fli ioLeu-utaJI

sTjII <JC P^uoJI l^j j3jJ ^jlJI iijjiJI jjl L»£ (UjaI im'j

ft ^ 5

j ^I^J'ill J£ J-*^-
0 4j[ Jx. t c^jAJI j->ui

v3
i(jjj^Lt <• » » l~i

4jLjJaj clilla ,jiJ CjL«jjIjJ-II jj-o ^rjjSJI <7j^i

^jJI i_j wnll ^* Ij^j) jL^jJIj ^U-l jl «-U>Ij ^i^s-ll Jj-° t^^^b

((>—fll fl,u> Jjl-^i ji (3 I (}
* trwj Jjc 4 in a L^jl^j Jjj^j^JI I inc. 4_ii j Jjj

Jfllw **! a > H Cul^ ljl cVJ a » jl Ijjk CjI a > II "LijJaj j\ 1 1 fl'ij

iijjia JUa cul^ (jjjjj (kLiI ^"i^j 4 «5jSjjus» "LiL^» jj^SlI SjIII j ^^1

.tdJj jrv infl'J <Loj



Christiaan Huygens JI^^a (jUu^ ^jiU^JI ^LjjiJI <jl£

4aju jjj ,±!j -> Ulc ^Cx. iij^lCLi <Lo 4j^J ^.jj^ij ^^valjuo ^j-0

4j£J pi n < m~> II (j-o IjUj
<_>UJ^ P

i

3juoJI ,jI 6j^-fl jJj!a!L> ^Ljj j2£ ' ^ ^ ^

1 ^ ^ '" ^1 Jl ^ l~ ' Jx. 'lU ' *

i

_y-JI C>La.^lLj I
(j )

'"» l_J^Sl 4^2fc^Q

luminiferous) «pLo^JI .£j^I» u nnn iuj^ ^i. SjU J^Li. Jain ^[

cjL*j-q (jli <5^^j j cui.ll 5l I gjjaJj oL^jn'ill Jlaj .(ether

JjS^ iCjUUjj^l ^loi, j cj .All jJi/M)
(jdo Tl I j I jj^-oJ c-J uaJI

C)J^iJLfl

^joii i_fij^Sll SjLLI J*lifc Lkjt J_>aJ»j p^iJI oUji
fj\ Jjiu L^il

<^\IlC £_>UuJI (j_^Lll (J <j)»i^1l ifcyvu (jxiLiflJ 4-a.LLa 4 1 1 mj <j^-> pJ^j

t^Li^JiijJI
<_>
ii5ljlJlj dULi^l ^jAaj in ^jl^ d_^L±JI j jjiJI <jLi 4_ilcj

yJLj Uj'n S mi oil 4 a niLaJI «V*>H (j j I n I* X. * "
.

j U 1 1 /j| ^x.

S

KuAlb ^j-a 6la>j <SjU. isLa. |j ^LLi gojj 4JiU SjU. SiU. p^AJI

-Laj U (j J 3"VI I
-.1 a i ..-v 11 oljL" I I an (jl _i-s i ^aJI 4jL>jiaJI

J^La. LfrLtjJa SjitJLo ^ 'la v * jl *"*'" L^jli <La.jll Ul

jjxj .(aj-s in J^-a. ^Ti't'i ^^jJI 4^j-dl ^ U ... Jx, oL^j^qjJI ^jj) (JlaJI

Ijjfc Jx, pILi 5 Jjl uJI ol "
' ma II 4_>_Joj Cul^ " a 4jj.jii 4^Uj^G

(jl j\£. >4 < iii'io j^i Cilia I (|*'U L&jI_«_lLujI jS-ai oLk^il ii>l=u Ul <JjJJI

^_ujLL|I (jjiJI 4jljx> (jii^ JjS (>JL»jJal!l ^-juoj

A -jl^*'!! oi>.L |J ^jJI I'lSH pV>* J-^-l U^J 1
' pJ"1'^ C»L».j-a

LeonardJ^Jjj JjLj^fJ <J^r".'j fJUJI UJ IjjJ^ .-."^ Jj Jaii 4j.

i

^ j

jj^laj 4_i iiujj CiUaI Mini (j i u I (^jJI t3 C»lj i^iLjJI Jjlj i^EllleT

CiUJJo^aXI _/UUJ IMI i_)I. m-w^g JaK" IIJ JjuslftjJI LjUa-J 4 >''
J

II

jiU jij <Ci^jU!l dU,..lj. d~. . \^ II cLjAfl-llj CiUuaLjJI ^jC 4 "I ma II

iSyui^ 5jj i^i i ^jUuaJI i_fl,< iojUII I
(j

i If. SaixXi ^aJI CiI i'>o"iII ^->j)J^i~i t jJ^j

^ " ' a "
1 1 1 o CtJ ^aJI j^o^JLi Jljia.'ill jjja _J^J J^jl j ij laj 1 1 ljj& tlijlj



5_>jUI iixalJ (pi) f-LO^I ~l -1 <JI — jjSlI ^yli

(^jJl) (N-) JJJiiJ
ls
jlxiJL!I jlaJ! J-C illdil i ^J^aJlj ^U^ki Jl

4-a ml I j^J-ajJI (J^jl C?j-ll C^'-'J C£->^ ° ' "'

idJj £-a IVwu^l t>oj) . J^K">II £j\ 1 1 or J-C iJ^oD ij\ 1 i^LjJI ikuJ^j

Benjamin (> K'>1^>i ca^L^ (*- <<oj '"H 0-° ^AJfJd

CjL^.j j djLi (^Ul 5j(j mil tjjj ^ w-^jll ^LjjiJI Franklin

j 4-o.uiUJI Sjj^aJI <^jL^ (Thomas Young) (j^Lo^ ^jA^i\

Ernest) <sj^\ ^-^>j[ ^iJt Quantum Mechanics ^1 ^lixo <J&L 4 .ni'ian
*

.Lil j^-b (Ikenberry



Augustin) Jj-oj^i (>"wn-^.jl
(_s
aij^iJI 4j>_>jj ij-Ju£. ^_u)IjJI ^^jJI <jLij

dilj jjju (Fresnel



jjj* jlC fill

4 A lffl»Vi/> 4jl i no ) CiLa.j-olll aiik hg"v~>T<j ii^j-JI (J _)->-» pLD| (2>C 2^UJ1

<^^J13!Lq Cjy-0^ Cj^1 (^yjL^JJ < 4j^j1I J^lo ^ n in" I Q \ n <J£

j SLcxaJI Lgji ciUi ! (jjJI 4-LijJI J^a. ^Ija JSLi J-c oL=kjil

iji a i 5 ^ U iii J-c £>a»j 1J
jJI oLa,jn" II jl ol^jja ^1 ^rj-c-

oLs^Jjo (j-o 4 in 1
5*

iii o Jaj l-i-h ^j-0 4 I nil m J_C j-iujj AS i^LijJI ojjJi

JjJLj Lij^ao Sa^l^JI ixitjJI (j — ^ULa 5j--t in — 4 \j n 4"t ma 4 l-ifl'i JJJU

4x.^uj duajj <<uSli J£ jjju
lJj\\

oL^jil Jat- aa_jUij 'i^jll

^yjJI CjL^j-LI la^Ja.ai 4 i iVi i4_ijl^Lo oiiyu 4 ^ ...1 -v II 2 >^ ^ " II I j i~i

olijijJI 4 > luj inj 'bjy^ iiLiuj J-cj fill ij la^ >jS ^ my ^LDI 1 gJiaa >

I ." >^ lat 2 tj" ...II jl 4_>jl^lll cjLkjll 4jjoLxLa ^jj'ja (_j Sj-Jullil

TV



J!lL £i,l-t i Lo (_j^aji_S mil (j^j < >-j 1
1

j l~i i I 4-iljj 4jaJLj J^aa. Sj£_^cjll

IjLi flflojjJa £ UjIx. JjUj LoaIc pLJJ ii iijixuil ola-jll

d u» -"Ij atljj La Nl n*> dj^a. *>"*»" ... jjLs L**

»

^jLxJI ,_jl-S

J^kj 4_ijLLo li*. l*ro£ JjUJI lj| Lol .lla. l^dLuS (("it.)) 3£jLl JjjaJI

4^jLl (jjUJI v-ftik JkJI j "lili S^SlI ^Li 4oli^Jl j ia.^11

J^o 4jLi i4a«j^ t^aaAJI IjLi . 4_ij l~i i r> 11 j^L fiHI 4 5 t-i'i fi

tjrv 31 . /-> p-^jAJI ia.j-o J^oia Jjl^ SjlaJI <—ilj)"> H Jio J-t J^uaaJI

4 llj.i
(

_y-2-Li (_jjJI j> uia II |>^j 4jjLLo

j-a 4_jljIj icyL^a J i-t"i 4_i^.Lj jj-a Sj£-flJI ^ n'll (jSllj

~ j 5~i

i

4->j i mi l oL^oll

IjLi «i_4x^aiiil i_i 0*i 4_ij I j a
>j U j ,n i J_al^ jlj-=* (j-o Jj ^LLL IaLa-o

jljaJI LL=» f-Lil p
U>» ^ ISjLj Ija. Nljla j-""'' »j j^julxu (_i S"i 1 1 IjgJ 4a.|jll

^yjLjll ^ ^lj-0"i!l V-J_^^J ^yjJl CjL^- H_jljl?l l^ll £_jl (jjJ

ilia. jl^aJI ii (_iS">ll lj| Lai <J=Jii ^ Ji»Jjj

«•"""- ^
adA ^ilxi jloaJI ^ jAj"ill l-uUJI J^.j <4 Uc'ill aiA ait till J j^iJI

Uj J g ^ '" -A2" (if^H 1-1-11 jJ^I 4ijj jl) ij^jljJI CjLa-jII

<2«-j_J->
4_ljJiJi Jl^ (J-U-l'l 4_llgJ.ll '(j^ll j_yJ-a- (j "'*>• (J*S l"l i j^-o^l

oL^c 4_uj (3^2j-Ij f-Loil ^1j__w o \->. j LoS. I g. mAj <-ij ~> "1
1 1 J 1

~
*i Ij

(J n * \ m t^j\j\ i 11^ ^1 i5*< 4j ^a>La-j p ) la 1 Sjll a j A I j V% I <4jjl^ILa

^IjaJI ^ya 4 0 l^'i 1 1 i,j 4j^jjljJI 1
a.^*- CjL^. Jjjjk j.lmo J-oT- 1^1

5"

CjUk-jil \-\~\\ ji CjLa.J-l-1 (j-o tjolflJI (jo Li t^a>LaJI v_aiik. 4jLfll^aJ1

|^C.Lu ij » LagjLi 'J-^l ^ II ja/al i_uLaJI JLC. I
(j

mfl'i 4jjljlil

^"iu ^1 oU.>olJI j>o ^Llls ^Sll Liaoc .(in phase) 4^ii: j^^JI j



ia.^j-o ^">*nl jjiuwa (^iu js.1 juaJLiul t&jl tv-vl jj^-qj aj\ jLxsJ I <o^5~tl l

d-" Jj^' (3^' 0"° J^'j^ ^ c^juaJI :°~\ J^-i

j*X.Lu (J CjLa^jit <Jj -\ T\J ii^xSLl ^yQ j-O-i Labile *LLI CjL5_>Sj

4J

Ijlj SJ-£t 5-^3 Jx. Jjuy^ Jl *LLt j 1^^* ^ lt"



jAjJj_^i dJk^A ^jC it 1 1 ill

a!

I'll mj JiaJlj P
J)

ts\\\ ^ya \ 5 m*i g~i')"J ^1^.1^11^ 5 fit IVj 6Jjjil

fl 1 1P1 (ji 5 »i L^_>^5 p^ubJI jl mo ic^jua^ja 6jl"i in 2^3-* pL*^l

pill CjL=».JjOJ 4jjuiuJI Ijli <Ji.ljjj Pjjykll ^pijjl JjL*JI '•i* '-al-fcj

.jxlj^JI JaJjillj pLlJI Ja.loi.ll <jc "LaJjLi .jk'iUaJlj P^uaJI ijjljjua

; 6 -LALi Lo U » .J<n . ^JJj gjl^ ^ 5 mil i—ftla. pLAjj 6jLLu> gA>> Lo*AaC_j

5jl j mil J^jJa J-t iJiaJlj Pj-iAll ^_ya iiaj-il i_jjLlj

iLxjlJaj^j (j oljJLiJ ijx^Ixll ^JLc (JxiLa^. J» i"u g-jj-i 2_>j^>Jl ,jl jt-^C.

gujj ^"^l JaJs jiLc 5jU Jit ^! — W • o ii^j <WYV iltu

t<LuaLJI <ULa£.l J^. ((iiiuj^yflJI)) J-c Jii^i-SJ Ja-j Jjl ^i-i i^i I — <Glil mi's I

r •



^jaijji Ja.j dJjj jjl jj;^;^^ «-JJ>=fc j i-lJutiil (^-o d^ Lo^>j

Jjlj Ci»La> Jj-tuji JL&C.I jjl j^aj .c-j ^^jil ^ mC'iU i—iLlsail 4_iL$j (j

.^Lo^l ji^l c^K l^U JUtl «> M ol^u

4 ljn^-» 11 dLuK > j ^jjJI I » 111 iijJLo SjjjjLLi Jj-mji

£-^-jJj <CujJI ^j-a 4 ti i flj 4 fl i U ,J-C £_j^AJI US ihj Lo-UC gijjj
Lj

aJ) <j_alil

II J-C (jn^ xjjj _>a.*lfl (jAjtjJI ja'ljj CjjJJI 4 a U I U mil <^e

J^IjIjj ^1 (jlflll^^ ^UU-i .JL^i Ij^jj .OJ^JI 4ft iUI JJoJI

< LaJjua n JjJa (JjLa_i &j .nil <jljJI jj-o jjjJ J£ Cj^J i^^a.jI I n iXJ ->

I

*.^aJ| (JjISjuI jlj <^ji <_>u$3 J£ O^fJ^' *j-»JI jj^llij

(ul^) oU^ll io'^l g^e— ^»^' *^ (>

^ i<^\aJ I r \~\ dljj iSpLLi in > (_jjifcl 4-ol Jj2> 5jj) i/r> > Jji-I-Gj

.OjjJI 4 a , U ,'J'ijf.

Leon cJj^^i ts^^J' ^jLjj_»AJl Jj-=oj Uaicj

>_,fli^"i'>^ j — 4uo^ol Ja^j ^.iJ) JjiiJlj j^'wnl ^jJI — Foucault

^.*»*> j»JLc ,_j-o ^-^oj Jj-^ xi dij (jl^ <CiLaxui3kJI 4 Un \j ^Pj^jj ol^-ili

JK <">! J£_£ inll jjjl «v_i^>Aj jjLuul jjl^ oi^Jt IjJk (3j i4juo-uJt

(jl^ liiJj j-o j^J .idJj ^yj-*-* 1^/y jI J^-»- j^ijjj ii^jll SS^^^JI

Cil M )' in (Jj .c-^uaJI ^1 i-<Ii (3 « u (^fj-ll 1-4 ii^JLa ...-^ " ...I

I

James) Jj^ujSU ^^1% p_»k»H tf
j •<!"><: ai'jl ^jLjJjAII J^ji

^ujJali^j iijj^ c.'JU^o j " hall ciU.^ J| (Clerk Maxwell



j^-^-J i frill in ft QLa-Lfij IaaS frill CjI^ojo lg_> (^ojusjj <_yjJI

do j - U5i <iLo ilo ^1 — N AAV Ziuu Heinrich Hertz Jj^j*

iJjl^JjO 4 > ni*> i^jjjlj CjI^JjO Js i"i jjjl. ^ n > l-i l A i <\3_>^ ^1 1 ("ll Jl iSl mlj

<jjJai.il Ijrj^lj ip^iisJI Cil^^o (j-a J^alol l^jl^jya (j£J frjuAJI

4 U » . a.1 all <ui .la 4 u>a\ CiS^JI (j Leloj — frjjAJJ 4-i^jll

ilLg-i J^la_jj .^ajJjJLjfcj cA^-^j ^L}^ Jj-o oU I I jS^JI rttci* II Oj^jJI

(jl^ IjI cjIaluo. frj^ll (jl ^JLLi ^1 oa-S) (j^j jviic £_ujIjJI 6j^-"

~
fl

fl
*r ,jl (_JaS (j^J t(j >L> 'I 1 4 e\ ml ,jl^ il.i \C. jl Li^ a if. oJI Ijji

jliiS)l J^s. «al^. SjLij ^ UJ Jj *i) 4jj^J| S^L-^jl fcjji j^jl IjU



6

c

\1&> Jjl "ill t3jl.fl.ll 4_iiLJLaJI 3 » . >U11 Jjji. SjiliJI i^u J-c tLojJLlI

Democritus ^..U^s jl£ dSj5^ II ^ii i*^Ld5 iLdLaJI - ~ iAj jj^SHI

jJUlU Sjistil 4j_ijlaJ| ^1 (^^Lsl jJa '-^-(3 ^"V • J" ' t^jJI ''j-1-^' o-°

Cjljj f^ya 4 fl I" ~* <i ^l^jt jj-o Jj^
1^

"
" eLuiSlI OjI^ 1j| Lfl>y< hi flj n i

t^joLaJI 4 a ->_->j 4,1^.^,1 CiljjJI
j^J-

0 £.3^ jj^-i O-'^J < ./> »"iD 4i_>L3 j^S.

L>°3-"JJ) 1 'j (J^ LrV"* *^>3 'j?' " a lj£.Loj c^ljiJIj oljj-ll

Roman Lucretius Cams ^jjIi^jJ jlojjj <_>u>*L^ ^ Epicurius

J-c j»L?Sn JJj j SjjIjJI ^ a/Call (^iJ <cdJ j J-ju SyCall ala

c-^ii J£ j)Ia mjl £-1^^-Sl <jl£ Jj c^kJLaJl 4 » »'U y> mi* (j ^jji.^ll oL»j-I=>jJI

lj CiljjJI LoLoj **" •"*« jij I J>a I i <a i_U^J 4 .u » hi ^La-

.^Lt (j-flJI J-C- 4-SLJj^l -"j I j^lic jk-ILaJI (J^JJ t^r-i mil jI^Llo SjrLs

j»^Lo p Lk3 ji (x3-iL> Robert Boyle Jj^j ^j^jj J

^i^iiLuL .j» ^La. ^iJh Invitation to Physics 'L^jill Jl dJj j Lij 5^ ,>> "mri5«
*

.(r l^L^.) (Jay M. Pasachoff & Marc L. Kutncr) .J JjUj



j^jjjjli 4-La-4 Jjt .tit ill

jij ^L-i^l Antoine Lavoisier ^Jl^ Ol^"' cs
-"-^'

<LLal in j i ^jfc ^jl^La^l (jl 4_»jlji'^ ^jfl jij 4-u I i a \ \ jl^o J| ijK fl"">

t(£jaS^l\ ^aLisJLi ^g^aJ] el^$-ll (> Hi's! L^iLa-Lul^j .\ ~* ~ij ^^jJI 4 ilm II

John Dalton j^illj jj^a. tjS-aj ji*. ^-mlill j_>ill (><> JjSlI ol^lmJI

(JJ^~" Sjlil (jl j_>5 J-£j hj\jjjIj i^A-0^ J-C- eLvaj^JI oljj-ll JJ-J J-^J

^aliaJJj ii£L<iLo j^lc J£ Ciljj (jlj iia'^^U ihLS CjIjJ ^j-0

*il oljiil jlj '(ii-lii-a JK mlj pi -^l) CjIj-ill t>a dal"-^ a pljjl iilLLLI

,jlj t^jjlj^j^ II c/^-cliuJI ^Lijl _'_*">> SjU.^ ^ u^jLj I g j£J i
LJ
jij "ilj

iCjLjjj^. (J-a <_)j£l jl (jjj^^lc (^j-o 1 1 4-ij I i a II CjLa£_)1I

j 4_Lil«iJI jval Vr I I CjIj-1 (j-a Cj-»Ij U i hi i JJ£. (jj)*^"' i I j *i n J^

JlC ^Sl^il ij jJ ^jlU |JL«il (^jjJI (\j4ill Uj^f dljjj u_j£_>J.I

p.L ^Lo (> J5I iLa ^1 ^jJI £^L>il ti Lfi o^jJj Sj>^JI

(j^JI J^Li ^1 CjuSljnj^ll ^ -. uuS^ jJ SjliJI ,jLi cIJj j-oj

(Joseph Gay-Lussac) JLu^J-^U. ^iyj^ J^=>> oij *^rit j_4oLUI

I f> g li o jLc ^1 ^ jLi ^jljjjLc (jtjjLo i

a "" LowU£. 4jl Jl ijjjaJlJLj

goLJI J>l Ijlj t>^Sll JUJI
^ ? -w Jl 5 U. ...

. 4"ij mi LiSb v^ikil

OejLJLlI Jl 3 L_, ...
. 4",w.i-, ^1 ^ cJllll jLiJI Ioa l!jU

i> uJ^e v^->^' "c?^ u' L"!>" -^fj •t!^>=k^'

jij iji>-Sll jLiJI oljJ (j-o Ja15 j Jjlj Sa^JLa (^jjLiJI jja.1 J'

iLui (jUjJI IJuk Amadeo Avogadro jjjUT JU=j^I
^



5j|jj>. ia-jj j'ic. 4jl ^Jx. ^^ajj j_yjJl 5ja
(}

»itl "Gjjis^i ,JI ,Jju3jjjJ ^

4 nio'i JJaJI oljLiJt jj-a *Lijl m'll pj^- " 11 isS1 a "' O^-1^ ^ * "\g

jjj^l j5j .oljLiJI oj^J ixiLiAjSJ! 4.*j.lUJI oiJ'la.1 <olijJ>aJI

,J -*tf> C^* X YV) ^ YV. • • iL^ii

Stanislao j^lj^l^ jlWitluj <l<jjJj
<
j^jLa^oil ^1 jj J-c. ^| Sj£iJI

Ijj Lfcj^L ^Ul jrii£. o^ill cibaj-uj^k j Cannizzaro

CjI 1)11 1 n"t (3 (3**"* 9 .JaJI -La.Lo L^jjJlLL ^jojl u i's II (_>Aaj

4_L^_ujI^j CjljjJI ^J(j a o pi La J ml I dJjj <|J 1 1^1 Q~ ILa CjljLi-JI illjixu j^uS O »-*

Ludwig jjLojU^j j^jijaJ ^jLiiiiUlj Jjj^la J"^ u 110.'?- q'''I"^ m^l

.Boltzmann

jl^JI t^^Jii j^>k> ^ptir £_tul"JI ^j^fljl 0 1 i'ih mij "'I '* u m J'iiLa.j

iojli JpUj lj
jjsj <(jox!I lia> (2>t 5jii jjjLa.jil 4_i iAji ^ 4->,"iu«m"

I

fl
> iojLualLa CjL&LaJi^l J£ £ ''Ij^"' 4jJj-si CjIj^ mi ji i(^ll

(jl 5j*S 0 I Sj-uul_»-o dJj La j Ij -
1 j

»j" a « fLtjJI jjljJ-a- jA< >

CjLljJ>iJI djjvU jLiJI (3,^».„(iu Lojjjti .'"^^Jl JKJul J*s mi Sjl^iJI

|J |jl Lai iC-UjJI Jx. U; ..^11 ^jJI j^aSlI '^^-"1

jKiSlI filfi) (j 4 t mnjJI iajjJI Cxil^j iJ„U'ij 111 jLiJi jLfl 4"inn jljJ^JI

^jr\j 1^5 — l5> i ll's ill ^jl^i « » U," 1 i jLiJI tjji-tu jjl
(_s

-ii 5 i > i-s. II

(_s
JLfi toLlj^aJI jl CjljjJI ^ya & ^^X- 4-i!il ^~i~».l dij^iaj —

iJ^J ^ » fi-s II j^jLllI J^SJ ifiLaJil (_jl ^Cjj^- illj^
-

! 1 (jl Jj's flj (_jl

I— « Cj^Ja- jJi 4»ijIj c-Lj*iJ I Jjlj la. ^-a A-ajLualil S^vjiJI oljjj^aJI

iCiljLi-ll oU-LojJ j^j^aLj i_a 1 ""i^j ij[ JjojjJI dlJj iOjIj



4j-iuj .4 i n\ 9 II jl^S^jl Jjl^LIj &J^j 4jLj (lia-a L°->j) J* '"'
' 4-uiiU

ijjiaj <j jk-'.ll jbu Lojl£.» 4j| J^ol J_£
4 . 1 . . ^ a". 1 1 <GH ma. j^iii ^A'\A

djjojj *«<il mi^ l jL»jJ ^!»SJI dLLh ojSj (jJ '<_jji»-l Sjx oljLiJI

(j jlj_jJI eLLdl J^o 4_La1^al Lu>Ixa1\j i=.l_La.^!lj <^ajJ.I ^Ljlj <jlf>

djJ-o jrJX. (jLa-lj'iLI Lo-o ^oljLiil S^^JI iijiaj J^a- 6jl£il 5ljL*-a

M.
P P P P

4 i tr\\ J_Lfi j^Iij j5 ^jII mm \\

.clLi (j-^^ U3^ oljjJI J^-j 4 0 1 0 I
(j

Lfl J <^ 4 t <r> If. ilLiLa
jfl

nil

(j 1 1 fl *t (3 ^l^jl'i m'l il Lh^Cuj Cj^L^jO li^Lii Jys Sj^lj (£^jjl> 5JL2J.I fcjjk (j^-j ^

<J\ cul^j tW o iiuj Annalen der Physik eU^iiJI oUja. Cy 1 1

oJjL"u .^alaJI ^jjIj J^-
' 3 4J (jl^-o j^- ' 4 I .a^ I j'. ^ Sjja.lj

tldA L"uLi£ JL>~o Sjjjj ^j-iij tUaliJI 4 > i m'lll ijjiaj aojiL" Cj^LSII

Ki'll'Sin
fj-

1-!^ 4_iic Jjllaj Lo Jj I ''"
i ale J-oX. Jjl^ Lo-ii L^-i i_Sy^-C-l

4 -w^i 4x.jU». j Jj 1 ,,, . Yj* ...a\ 4jJgJI dJLLLI Lol . N \ Y \ 4*1 .11

ilUx (j\ J.»iG La^ t(j.u.m1 ^jjjl jg-milJI i>AYV 4'i uj Jjjs cLqLlJI Ojry

4^*-flb 't5j^' ^?->^

Jjl^ CiijJI dJj ^jjLlu"^! 4jjJk jjl Jjlj Lmi m'l >l ^ jij

^The Historical Development of Quantum Theory) ^1 ijjlkil
i_s
^jJ HJl ^^kill ^y,

Jagdish Mehra & Helmut) ^j^lilij cjnL^ I J^.^X^. ^ixlb N"\ 5-. a.n JjSlI s.y*i\

.(Rechenberg



ii 4a_>l\frJI ojlSLi i
(_rojjj^JI 4 qaLlj (_s4jl Laj'^f.

(_
jJojjI^I i_nn'>l LLjislj

^yjUaJj^JI CjLjoJI jiJLc. I

fl

»l[ Jj-Ojj jJI i_sl mVs'jL i'II'i 6jliil <_)Ajlj ~- *'<*

jjjl laa.^ ais LlLc ^Laj jia (Thomas Brown) ^uLo^

.Brownian motion ^l_Lijl^ ^ i^klla iuljmc i£

^

^^jLSJ ^ i^ " LgjLi <4-jjIj Ac. 4^^aJI 6jj5> (jl £-0 4-jl ^iLLuujI " '"I j5j

Ijl 4_x£^Li Jjl 1a ' La l~ ' I
1 ' _^j2s d]j I 111 II in i (jlj iLqLqj 'I ^--1

^UUI Lj^jp Oil^ Ijl 4Jil JUJI J ^ -> •> j\

p c- &

j-v^-ja pLclIc (jl^ n_i i <nll J^il'i ou >l (jA-ij (jl 4j| .L^J^a. /ya

J »-> ^xli 4jJliLo ^Jj J
^ J »-> Lol iCjIjjJI 4 .Oj.S ->

^J}^*^ ' o'^^^-1

a"\H ^jij JLo <«Ls.^ xLc Slj mj I t-iWM i jjaSlI ^ jil >d mil JU^o

L^_JI (J jjj jij IjLola ^-jjuq^JI Ia^-i jja"ill lj| tl'i i"->-J tSj-^ mil (^-o

:jjI'i.VijTqj-JI :v LiS j (Autobiographical Notes) jJI jjl-.iV.j! iL^. jjjt oljSio» ^ i . . . s «
*

(P. A. Schlipp) ^AM, .1 ._> jj^aJi (Albert Einstein: Philosopher Scientist) jJUJlj a

^

.(iVta-i^o) Jjjj^ .Tudor jjj^j

rv



<Uai*JI iJLLLI 6 jib Jjl jdiDI CiLj^tu jjjj Sij-ioLLI 4jjLol!l J^i«JI <j Jja.1

oil£ ^LjJeii' ^LJ^ iia^o j) i^L&L J\ I4J Ijjio j£

Ernst Mach £U cw.ujl Jlo iwliSlLj ^ iiT.LI pI <J*JI ^Lii L^jjjua

^U^jJ^j I^aj^I jv^jl jjjj ^jJI Wilhelm Ostwald JIjLlujI fJ^jj

jl ^Q^"; lilS jij ,^1* iSjlll ifxilj JLc <LtaSll (3-° JLltb

jjj^jLjjiJI ) q
»~ aSj lii^jlj jl iii^ii L^-jLj I j fl .r>j o^-oj <lSl\

j^j-o lyvjj£ ^A^l mi 4jljL» 4_ij jj! 4-ij h ill jj . '.j o llj J^jjUaj^rtJI

(_gjjl-^'»
^!l J- J. Thomson ^j-utajJa ,g ul^j <oLM f-4^-°j

.
>lA £W 4 j a; — Sjlll ol\aSLo 4jl JSlI {Jaj (_jjJI — jj^&J^I .-Ann's I

J)^*" > ^ A >a £-luLLII Jj^SJI ^iljl (J (jlililllj Jd^JI jj-a yvjiS jlj

4-i^ajI (_| Jj^.j-a ^j^j^L j Llj 4j j-qj ill I m JljLLII ^l.t nj^jl 4-JCLiJaj

Ix^j — ^ Jj OjI^ Lai — oUj JjjI^J! 4j_il jj£j .pI^Jl Jyj ifcji^a

{jCj ^jjuaJI I i/lt^it. tj iflJli-Q I V\ I jrtJ^I ijjjj ^yj LLjlj £L«_u>^!I ^yj

jj| .4 CjflJ pi <> 1 mt. CjIjLlj (jjij -lij <l"i > 4 fl iu'i's 1 1 3-1jljJI CjI-^-j-o

^xtuj^iJIj i^jjUaj _/JI a hin Lol *jry"ill CjLa-j-o Sj£i (jLWI pLuLlJI aJoiAjo

> fll in")*sl i„i 1 m"i ASj iCjLxuo. 0^^-" (jl ^! JjjlixJI 4 1 nil jl
^>
(pij (jl^-fl

NA^o iLu, Wilhelm Rontgen t^^jj jJ»Lj ik^l^. is^ua X-olJoI

IjA Jx. cbjjill j Jj^jj S^jL>- Jjl Jx. ilu, j^i-ajjj Jir>->.)

<LaJj 4^n<ii (_£ja±j aJ dJj jl *JI >^-iisjJI Jj5 1" SjLjj j (>_fll in't^'jl

Afi 4jU — dlJj JJU Lxjj^u Ox» Lai — > » I »."<S1 Ijji 4jaaI j *.<li.Jj»

(JjI a't 111j 4

4

j ml')" ^ill 4jjjJI pLJjloJI jj» V\\\\ jLla^il Jj^-j (_Ua j-a.



4 mini ^Jjjru& (_j oLajl j^j-a jA$ <(_)*-iAlsl^ JaA-a (_j m a^aJa t_La£.

£-ujtjJI (jjill CjI i'ij (j (jlijlfll^ (^J^ jLLxjl J^al <jl£ ijf Hi's La

4-uj(3*n II (_^al^kJI (jo iijljil J-C J
^

"i A-ij^Jt majJa pin ABj .jaic

Jj-a jLuia (j^Loll (j-oj - -».
~ 1 1 <Lj j^,tuJ»l CjI a II 4, initial 'i» 1

1

^

*p " --^ ASj t^yjjfl'N II JLJ.I jl > Ul \ 4 M JLJ.I a. I J-fc"i u)L> ol n > uxa II 6AA

4 i nil f-L*_ii _yuJ jj>.jI jolli (2/JL=»J.t J>J j-* ^**l ^ » 1 1
.**»•* t in o^ala 3^ fl

7*

4_iiLcu J| (j^ajl^Jl jl) LJLcu <jj)^» mil j-LflJI ^aJ jj-a j\j5"i mrt Jai. (J J^ajlSJI

<Lu^g^ 4-jj ~k, ilil I 0L0 mil. II £_a 4_"Lij 1~, 1 1 ajji ^li/l'i .L_fll mS'i ml

qI, <ij m-y. d Oj a -> II (j ^jjS) j^aiiliJI 4 i nil Jjl J[ uxaaJa (jLvojj l,K ft^a

in n^aJa ASj ^.(^j^ll oL»_ojri£JI ^ a ni"i j 4jJLlu 4 >~> mi 4jj-> mi-i

4 1 111*1
. 1 1 in

1 4 1 ... >UI \ 4 H 5, |

lj
4_uj j*s II (_£_aiJI (jo ^jljj^l jxlj ml

golllll (j^iii j-c J,r>^ asj .{elm) 4U1S Jl ixj^^JI ^jjiiJ)!!

OojJl^J^I ^1 tuj 4l,».f». La* iJ^jjtSJI 4Ax> ^jJu-ail jlflJ' (j-a jhX. Log-e

^jLfi 4fll*i*^<i CjIjJ
<
jjfl 4x.j*\ inn 4 a l*> 1 1 ^voLlxJI jjl £-a,£ iCjIjjJI

oblll J£

<X-ia.il ^iLi^l j OJi La Jla 4JA^JL> UU^I dJj (j^J |J

pLj^idJ l^b IjSj-q J^til

. *
1*5 (j oa^- — frbjiiJI J LliLc. jSI^JI JaaXI Lqj^j — ^ '.'.'j?"'^

^yu*JI ^^1 j pLjjjiil dwoaJI p^iJI Jl ^1 olil .Vi^l

ljla,f
,
,jjjJI (jja 4 < > in J uaa dDj^ <ijV>5^ 4>J>jLa. Jx. 4 nia'i J ---^ La^j

Ac jjLfin (tojlj Uj^Ajo ^JS LaS) /jl ^ 'UJ>*'^ U*1^ ^ f»^A^J oUaoa

Questioners ..i^i iu< JaUiJi^ is.jjJl i^uiij .iijii. iijj ^1 eLUil

4_i iiijltljJLa 0*l*lLa-o 4_u»LuJI ^ilu CtUjJ^JI "ill jjj_
k
Jt J3Ĵ J^ "" 4j~l>vu1 Loj



<Li_u J^js L> iJLa (j Lg .nfl\ S^jUJI J-t J_u«-o 3 4__L_s c___i

.lla, LLo^j W pL^j a 1 1 QiLc Ij^j-o J-oj«JL1 IjjS) JI» jij ^ > £

iLlio ^Ij^l cJLIa uj^1 3^'^ ^ u-0 '^-h>4-> 5JjLx!Lo cjijjJI
jjj cjo^-j

Wilhelm Wien ^li « ^ Lj jlS a5j . £jL_JI Jl ui^ii <JL_JI

Jill 4 * mV_I 4jj__LI oLcj_x__JI (jl Jjuajjj ^A^A A\ hi

iL^jjjS£J[ oaSi oljj jjk^-q aJus) l_! ^Js^13 L<__ 4_jI_jj:_-J^!1 (j-a

ft ft ft

4-tuljJ 4jajlc Jac ^a_*_<>j_a J_vl Jj__CJI 4 » mi I JLc 4jL__>1 --*->J

oLijjj-dit. CjJILoI d « » uaJI __ijl___JI (j-a 4-Liul_u (3 4_i_*^ll 4 » iTiSil 6.-J5>

4-al mim jl <<L_»l_ll _jlj jJI fV>~ll 4 » m_l 6j-U> J_i fjU=> 'j <(jj^±uJI (jji-ll

!canal rays JLiill 4j_.11
LJ
-a___ c*j_Ci ^jmloj-- j»U J LI loLjjJ

ijjjifvll 4 » 4J-U-0 4_^»jj) j»lj__l_uLi 4 » bJJb ^jl-> J^j

4__w___a 4 l-i ml_a_> ijL^jJI ^-law ^ji-i |»J (_£ii!l jLi_ll j-a "iLiii _j^oi_-j

4j|jj j»jLu__u jliJI J^La. -'Ij^" ^j-JI _jLjjJ\_U^II .jj^illl

^y-JI i4__i.^a-o 4 1_> i"i mil oLjjjJII 4_»jlj \ Q \n _Jj-=<-i CjLjj_r^-!| j^J

^Lll ,nfl't 4ji_>j_k_lL> lU LliJ,!j ^yj^Sjl (lyLH-aJ-L' Lgjco J^oLajJI ,_)--aJ

4Axu J^aX^-J^o 1 "' P > Cj Iji^qj^51 1^1 ^_-a "n Lg-1 J^I-*-i

A '

J
1

1 4__i.^ll kjljJJill J I J_a 4jLloL_9 (_^^a>j ^j^a
,_^J_)i



^ya Ij^w \j\ j& ^&l jjl^ ^j^) ai«a^Ja 6.A^j La^o i
d j ' -- II (j^ilJI .

» »
< 1 *N JjljJI

I
(3

infl'i 4'i-> nil I 4_lo^ 1 « in-w LflJ ''lil 4 Q l~i ~> o CjIj^-iI 0*^j JjAjI

Jjf aJj ^l^j .il&JI j ahvt 1 Q ! (-e <> ^jj +e) uj^-1^ 1

^ilajj t lfl iiiQ'i ijjL^jSJi jj-al^LJI I 1111% l_$J ^SU (iilii_o ijjj u'jj')

JaS Ij^a. l^-J-o u' ^! <«>»UajJI» j^llsJI J ol^rywJI 6Jji> J-C

O Lqj).I % c\ Miopia (_^aJ ^ njilj '^^5^5^ J* ntfll Jl (Jjt^jjJ ^1

4_UfcLo J-^ LLLflj O^jLa-O Jjl IjAil iiil^

^yz L>^J (1)^ l~<^ — ^LuJLj'bU 4-LlS ijjL^j tUjjaai

I 1 1 111*1 6/u»l£ i4-a iia-JI JlLo LjjjI SjjJI ^j) mojja jj'^" J-Sj

JLo L^ji SjjijAfl » naJI CjlijJ^J^I Lol i4jjk_all 4.1a -"H L3-l"iL"k j-mija"

Ojbj i4_j 4juaLaJI 3/\-*-uaJI 4_l1LluJI
^ "

* -" l^lo J Q <g-JftjJI j^j->

bjzJi ^ ^">-s I ml uJ)Q >>> <^j-ll a
'(j

II frLaJ » 11 4 '1^
I tfeU^it. ^ 1 A"l

4_n J I 3^-^' f4^-" Ji < a j-o JxLsuill J ojI -iij iJjLilLj

iluj ^^cLs-O,^!! JaLtijJI a I au^l ^a> SjjJI 4^1» jl^1 Ji ^Lia-o ^1 ^j-ucGl

(jl^ t^Uj (jU <^-iil 4-« i^j Jj5 X 4-*_j>1 a I .*:"<!
(j Jj^a. Lo^j ^A^l



j^jjjj^Ii 4___4
cj£ .'n ill

^ t — CjlijJ^J^I — 4jjiu_l |JjJ*w»l alt 4jl lA^* -i^J 1

"_| <Luj-a ^jax. ia_£iS!l 6JJij '*J>>lj 4jl__I L$_£. gtjjj <LaJa__JI (jLa ^jLo

(jK j^ J*'Jj (jl iIiJa. j3j .4 > n i*_| Lgj ^J,]a,ul"i Lajjx. ^jj_sJI ^jA \jjr&

t jj3l_«JI 4 » miL 4jj_j^»Ji j! iljLki Jx. ic^ua^jj i__l__j 4jjJ

4_ij^jjl JNLa. j->_>iLj v_Jsi^ l_a__ 4-uiLuJI 6Jj_ (jl J---.". La <j_C j-_i

j

^| ij^jllll i»__/_l -il nn<i\ Jl dlJj 4j ^jl J_j 'ij^lll j J>5l_Jt 4jl__1

t 5j__a I <_j_jL*il j <LL^a_c <Ua£ J| SjLc J^ajj X <j_ «X» l&jlt JjUal

<^>a-j) CjLa-^il Jj-o i'II luj X 4_x__l jl l/-U La jLc^vuj

(jiJ P^j^oJI CjL_.£J3 A >« ) Jl 4 1 mi~1 .4 . ... . U.I « ^Jjj^ II 4_X__'_I jjX ^

JaJLO ij AJJj (^jJI »
I
.""<Mt ljj_ JX. Luj Jl9j (d-La £u£ ^v<ail LgJI^LI

J jj ^1 jj5l_JI ijL.il J^. jlfti „Ui*JI ^ki j^h j ^LU

Sjjj l_J j «ii.A_Jj NA^O 4'xu j\ n uuj (j X 4 » ml a I .V.<l j__.|

2^"^ CS>=^ J^3 cJLi___l jjjiwT (j^la.L JjLa. J_j £-ala_ll j

(jjlb dJj j ^uaj j-a Jjl jjl^j j-a ^!>>l jl X 4j_il

itjUIl X ii-it oLa-Lu jli^t cul£j -L^ijL. j Henri Becquerel Jjj^

4 iSLt[ ^! jjjj ialatil jl^ll J"^Li Ljj ^ ^1 iLi^kJI

Phosphorescence Sja.nall S>feUaj Lolf« Jj (jLSj ( »

**« '" "ifj tPj) i^M Cl !<->"> ^ I jl > Ul SjLo 4ja-gjl^J PJ) lAll >! m y\ ^"|»"| ^jjJI

C-j.-^H — X 4j_.ii I i
a I ,^.*<l j oj ^_J1 dLt JiLa — 4 ...jjlall 4 ml nil I

4jj^i__ijiJI jl^il
(
j^Li____ j^aj .Ljjlt i_iLui ^L«-_j| ikml^j £ij£\ Ijl *-!

&j_^> J_L_j Jx Ljli 5jLt| IflMc iL__L_JI oljlil Jx. 5jjiX\



Jjj&aj 4i m~i^l Lo jjl <X i*Julj 5jfl .nflJI 5_>&ll=> ia'iLc ,3c •^ 'H

ft ft ft

4-x_ui! jl Jjj-lSLij ifl'tcl .j^^JJI ^ Ui"t ^yJ-ll oL»jl .n i^ 11 Jl_£_ilj jajU--h

i
(
__>uxulJI t-j i<o 4 l-wnl^ u * ' (£>Ut |k^jjij^jJI ^tlo (j CjjJjJ -l3 X

j
j < i

o
~> i j^-l ^ y tAaJLi ^fuajj j 1

1j tSjji-ujjjJ! 5JL_». (_j Lo_£ LqLoj

Ijjfc j jkjjJJL SJjlL eLa-uJI jl lJ[ -4 jlj^J (j^a^AJ iflj^JoJI

<* ft

JaJj lisj a a Jj^sLij a>ic.l (_jjJI >^JJI JJai <4_ili ^jJl

ft ft
c

J t

>t-tOjl (^oJl ^IjL-ti^il jJaS ^ ^Jj-*-0 -A^ "i 0^ 4 ^ lj tS^fl moll j!

* 0 e

^^oaujj
*L5~^

jL=*- (^( 0j J lajLSij j^^-J

<3 ^^aAj ^jtoUl <^jj^ J|^J CS-)'-
0 v-Ua^-ua l Lo JjLc^aij «Jjjt^ij

lj Jjjj 53jL>- J-C ^ i^ia> ASj i^U II jj^a JjJ^aJl ^J^^ '^d> Uf^V3"
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JaLiiUI J L^L^J Jj^: aj^U. J-t ^ j^tij cSjL*

j^LlI JjSlI *ii*JI 4jIjj Jj .((jj^,^! j>Lll oLuj^ j
*

Lf
^LxJi)^l

lj\j£ <LooJL1q > in^ll JaLiiill j ^ > > ij a j 1
1 olfll-Mi'i's'^l jj^^sLaJI

I j
*. ^ , . ^jJI SJ ' H " Ijj U." 1 1 j,o 4_LuiLlu J^^j dJ Jj 4 >j U^'ill ^jc

ixuljj j S>i-ll ajifc J*iL=»- cLo-loS)I .iaJ £-1 jjjj iJAJ Loui "ill <_£jiajJI jLWI

.Ernest Rutherford jj^ijjj c--'>j[ ,^1x^1 JJ mm II

j j > a 1 1 I ml \A^A j»Lc. jj 4^^ic £^ulill u>°-^ ol i'i >* mm

Frederick dLjjj^j cmM dliasj iJL>JUj-a j Ja^* dLa i»_oL».

£-Jl1\ * \\ J^aJi Ial m'lll >W ii^j Soddy

£1^)11 (j* L£*ji ..^mV^ I ^jjl Jj^ijJj j£j ->i.l ^-ait Jl

jllal jjjj ijSlI ^ o mij Lo£
|_?

£.l * ui)j\ »r,»l< fllH)) jl <JU~.IL iL-iuljj

LflJl 4jlJuI jl »" jjjj <LaL>. 4jlJuI 4_Jt 3^ ' <j' tj>
I^H (j-o (jl^ 'J-*-"

^jJs La LvJJ 4 * nil (jl Lo jLfcj^o .4^^aJI 4_Xjj-aj .*! ^ » ...^ Ljlu 4 » nilj

4j.il J lIjI j-u^Ij .j^KJI ijL^Sl ^U^i^JI j^Kil ,o^j^J)ll "ill

CjU-^q Jl^aJoLi X 4 » nil (Jjj3
4 . ... » Ul *. j j< II 4 » mi3 I j^ ^ LaL&.

iLoLoj a !*>->, n t^Ii LflJl oLa-i -"^ (jl (^_u 4jl j^c. iS^-i-^l j-° IJ^J^

j^woj it5^>=>-l j^aic 3j j Jl 4jL» I I a jii cLul J^jj j j-o

1

1



CjI r^S i$J^ (Jc-Lij ^Lj-J I 0 "lO'l ,_jJk — iSLLJI ijJLfc CjI a I H

ij ij^l ^LfliL LaJI pLn i mi-^w jjj^a ^A."<l .SjjJI cLuljjJ

JLi/Lj_aya ^J^s • V 4jju JJ^*J^J J-SjjI -t^JLq ^pil_i-a /X. ^ ^ If. Q-> I

SjjL^. Jx. J na^ a5^a tljrLLa jl ' _** -" « 4_3l_oLi. r.l .J. all IjljLtuI ^ « >l

OjI^ J-^jj 4_LaJ £-ai ;Sj^»-LluJI 4_jJLujJI (_^aJLj 4j >~- j
«

(_yjJI SjjLaJI

LjjLj^jJ 4 ixlC-j /"n 1 JJJ^jjj (jLfl c-l » /» tOI \ » II 4_luIjJ jlJi*J

Lfc^i Lftj^-xj (jL^a - l^aJji II
Jfc* <j pi i a t£Jb 4jj"bLc <J (_>iuJj

4j LajJ^J (^jJI vjLjjJj^Jl^a CjljjJJ JJui^JI
f\Q

all £--03) .lj^j£ ^yjjl f\?Jj«JI

0' 1J-0 Uj-^^j-1^' LaJJjJ JjL^ 47s 'ill .4 xn's II pLij-tiJI

Ernest ,\ l^a Hans Geiger ^U. ^La, ^LB > *\ • \ iLuij

4jL^a ^jjLaJi c-l^a.Lj 4 m iioLa-i Jj^jjjj
j* <j p^J^r. eljiil Marsden

-l5j iL^Ji^Li. jajJ Jjlfl Jj-a 4_Lijij 4^j^vi Jx. LflJI Cil <m uut ^-*-*u Ls-^i

U».LLa <j£-> !^ » t >U ^yfcl » inl iaLij L^J dljj LflJI CjI a I m~»» Cjf-La.

d j * i ...^ 11 ^m^a .i.i-w jja_j a «...->. II r I
*.

. ^J-^
* a CxSjJI cdJj

jil i^i t 4 1V1 rnj^alfl 4_il_ii^a (jAj^aJI CjljljC 4 La inl^aJ j-LlH Jx.

I~i i3 CjI a 1 '""> II ,_>«3JLj Cjj^C. . 6Jji (Jj-o 4 a i in~>. L^j <v t U . Lajit I ~> ft^a

ij^alj ^-Llqj _>^"^^ (jAj ill ^ ^
j

' Ij 'j-Lill 4^j^vl) J*iLa. ^-tjij mi 1

^a alaJI Jl IjjLt ^u^-aul jjAjlJI ^1 OjI^ SUkLflil^a iJ-u=>S)l ^LjlAII

Jjj tj^-a-" ' a X a 4 4j_ai*ij| 4j^i Ja3-iu2 ^jJI 4 nv ftj i_ijLaJI 4^_i^uJI

V* • • j^l LflJI CjI >!.--> ^ 4.0.1 m-^. 4 1'i's :4jL=>.^)Li Jj^aijjj pL=w

Lg-La Jij' ^j'l^ Sjj JjLaj LaJI 4 <m, /.i=>. iiiL=JI (jj uJ^^)" 4 1"< ^
7' a 1 La i a I IjLfl tt^j uaJI ic^aj ^_jjLflj it^au J S~ > ' ^1 ^j^y q >j ^^jLj^ajrt^LlI



(_j 4_ia.^Ja ol >->,i"i J^_a-j >->, II . t ^j^j j^jl Jj Iaj JjI J,
a

J

L>' UJJ '-$-''-i'L*" » J "> £x>\& LflJI CjI miiiv JjLfi SjjJI "iLoj 4_La.^all 4')^ nil!

Laj (3 '—1jy^- ^ oLo-iwUjLaJI U> « « Jjl
-*"' _iS 4

'
J a "' ^ <J^4j <»—Sj-aJu

Sj^lj 4 fi j i » t 4 il"M II ^Jj-ej ^ ^ in IjLfi <4^j^viJI J jLa. 4-ajiLujbO

4'<~. nil! J£ IjLi <clJjj cil oj mi^» II J£J ^fl.ii> (jl jj "ili 4J jLa.

uaj 4jLfi SjjJI <j-a Jjj'j Jj-^J 3-^ j ' ^J ^

dJjjj 4*
t ~> milj 4 l~< 1

1 Jj_i3jJ| Jj£j*J! Ij^_i LjLl».I LflJI 4-aA*uLa.

J^a^all ^IjiJI J^-a. it^oij LflJI oLajL-uia. ^ tci » o _yuuMj < ft L-~>» ,1 1 SjjLc

^4, t->fl a. _ II Ijjfc .Cjl^jJI «3 4 ' -J a 4 la 1I1 ^ 'J a 1I1.I I tlj^-^l
1
j'u

4_ia.^ja LflJI oLoi^uLa. £-a I ''I '-^1 jal *>" SjjU 4_ia.^all 4'.^ "ill (_Lx^_i (_^jJI

<J_uo}|l LfcjLiUJ ^jC- ^ J ' a "
LflJj-a-J LiLa-lJ > .-ill -V.I I J| Lg_tu5L*JJ 4',^ ,7,11

.libjLuus Jikjjj (_gl <jjJ joG L^Syu (_Jj^a-l LjLta.1j

jjj-ajJI ^aJkj Ijjja. LLj^oj \ \ \ \ 4j_uj Jj^aijjj £.Ail 1jS-&J

Sjjj^iu Jj^jjj JL5 *6jjJI 4 . \ »
I OjJjaJI I '« " j a

(J (jxiLjj'ill £ \ ml (_^jJI

J£ Jut (_gj*i^t"i Sl^jJI 1 (3 1 If- i3 5j^JLua 4_>j£^o 4 a j^-^-j

^ 4_JI_ui 4 ,"i SjLlcj^j LqLoj 4_j^Lux« 4 i^*Cj SjjU 4_ia.^jll 4ja mil

Lxja CjIjjj^J^Ij Sl^jJI ' ua3 LiAj iSl^jJL) U i-s." ^jjl CjLjjj^J^I 4 <l .,.

j-Lu *3l^jJI
p ^. jl Jjlj LojlS _'jl aJLlI ' 1 ASJ . Luj^S iljLaJLa 6jj

^joj " ^ • jt, 'i SjLc S)_jjJ1 jl"i5 5 fSjjJI
p ^j^1 '—s-l' 4jLo Jya ^J^"

J-iiJi ^LSj'ill 6Jj5> jjj-isIJj i^to
A ~

\ • 6jLc Ui^^JclS ^Lij^j^J! 3 .1 ^ ,., Ji.lj

^Loj 4-u 1 1

1

jjf\ \ L I jLijJI ^jLaj ^ya 4 i La m « LoLa-a^ Jj^-^ 4_ijIjJjLS

jjxil^) Jj-qj ijjij^ajjJI (J^jI^ (j-a j^-o N * ' iiLuj^o S\ o"i
(

_yjJ1 4_ijl^jJjl^JI 4_tS

^jjL^jj ^_iJl ^1 Sjjs
xa

> • ji iJJaj ol^ill Oj^-'J Sjill Sjjs ^_aJI ijLo ji al^ill ^Kfl Jjinoll



kilJj JjJj .oLjjJ^J^II ^ya 4_>_u>LaJl jLiiJI ^LiJ JIajj 6jjJI fcl^j ,_jii^jjJI

mVjl J£ j[l^iJI ^ '—i n 'i r-> oSj tS^oJI (j J^a^J.1 ^^-1^ J-C-

pl'i-k Mill d U ml^j 2"-° lg * '
'
^ "jl "~

' ^yjJlj 4olu£> LJ j J >"> ^yJ-ll

(I fimn
l>J

lJI ^jjLaJjJI J_c ^jj-aiJl tSjji) JJ.A2JI ^Jj-alJI \1& <JI

i_i ti^'i o (3 JjJ <nn_gJa „ 9,1 4 rufl'i ^LxJI i^v^allsJI J-a."^ ^cLixo

dlJj Laj <iJJj J"£ .^ Y"S 4j_u) in I i*i ^ya Jj^Sjjj UjJ^' '—'5

1

JjlAILj Jjja. U£ l5->j^j •frLjjjiJI Jilf <jl jjj^iJI 1^4-1 Ij^i-o cj^j <5jji)

I^-jxi lajj i_ijLxjj 4 fl I" -> 11 Cilia luJI ^1 Loj :^j_i^_jJI j^jL J'J)-^ J J

JliL>jJ\^J^ll Lai •'* jjjl IjLaii «4^jl n"il I '-- ^>iL*u 5xi ^nfl'i I

p^LII d ij lA '< ^-'j />'.
I ^yj^fl j^ajtJI ' l^/\_ilu tf-j lqJI Ciljill L$-> (_JiljJJ





^1 5ij>«il 4 5ja-.l l Jx. Jj^ijjj ajliil (jjoJI

lift ^ *-(_s>i (^1 jl if-Jjis — ^

1

1

J

U

Li-Loj

fijjJ) Jjklj Jajfl mil (^j-o 4j Jj *lLs iSjjJI 5l_aj £jL=»- (jJJ '

(jl ^ SjjJI jLl^jLj <5jfl"i inoj iljlj 6jjJI ^o^aj JjJj <SljjJI

,Jj-o 4_cjLal 4^a_ub1_aJI dJSjjJoJIj (jLa-flj^l Jj-a isUaJI ,2)-o 4 j n^ i C>jlj."i

.4 i iii n Mill I "fj a a a (_J
^jn n mil J^a^s- L^^Lfil Jj-1-" (_y-*-^ <_iS»l_a^Jl Jj-q

jij (joiiill in'i II ^o i,Wi (oljlj-o j 4^j^»Jl) 4jjlj.ll i^^aJI ^1 yLt

dj->"u ^jJI aUJj^l <j1 "^1 1q<U j jjji ^1 Sjn.ii-;> 11 in ^JlU ^

jjssj (Velocity) it^^Jl <^jLo &LJi^lj it ^ 3^ >
w jj <j^jj ^

^ i""i jjl Jj "ii Lfl-jLi CjLijy^J jll ic.j--u d ajj o iLljjji_i

iJI ^jlij^L*. j\ .no (J
U5 ..." ^| jj n| L^jLi SjjLLaU Laji a 4 => >Htj <i5Ua

jl_Lflj| lj) » ifl-l jjl ((jj 'j l^-'1 ^ f-1 nU II) ^Jj IVi 1 1 ^ taj --
' j»Jj (SIjjJI Jj^lj

.ijjljil SS^I jKIjL Jj^ijjj S>j

^yjJI Cjt-jjj^J^ll Sj^jus jjjjjiajJI IjJ i^j^ojJI \jjb ^t-flj Lajjtj

fclgj JaLflia.'iLl iflj^ls (^1 ->L=»-il l^jL>J iSl^lJI J^a. d^Lal j JJ-iJ

Ji lPjJ^- j ^U^J 6j j L^b^ j olij>^J)il

.
t-> (J^.uu j»*-l_jilj 4-ULjaJa 4_»ljj 4 U>o*» (g^jui * 1

1~ (j^J tJja-ljJI



(_£_>j_uj Lq^j J U-v i_JJj (jl ^11 <4j inn mil 4x,j ft -> 1 L J-ubl^JI 4_u_

Sj^swj-o OjI^ jJ oLijy^J^I ^iaj ah-sj "i! idlj (jLi iJjlj LojJ

a \\ :1
fl

>nQ*t 4 K nil Ij iL^J^a. jjJj iiLujj J-c Uns SljjJI

iLoLclS ,.i i-w ^ol i (_j 1 1 n Mill Jj^. Jj ^yllJI i_j^I_jSJI S^_jj*3 gj£. Ij^»i

s-lj-iu ijjljjj^j^ll Ja<)fl in ^.JC j\ difl"! I ^ r ii n't 4_Li__JI
t
j^>jU*JI ^ \ ~\ "i ml ASj

<£jLi~aj (SJ3J^ J^-t 4_jLjjj ^J*J '^1 ^.1 Cjljljil 4jl_£uJI l\(0-\"tml

(^yo j I 4_u;jail <_^o clj-w 4'mo 5jj i (~i t (jj)k fl"i j (jjjLllI |\ k » o Jlj-J

4ioij Sljj l$J <4 j mi o Mill (jj^Hli 4jJu3 6jjJ t4 k.mll Jj^Lill

(jllil Laj t 4j_>j|j ^Ijljx j S^jlls oL^jj^)JI L^J^ o^J J&^l J

<_ijjAJI ^JLaJI ,j-Q «_jljLfl*il JjLa^jj i5jj) i/ill dit u<-»l->TJ i_i Millil

Sl_*j j iLLolJJ J^&jJj tgr-jjlo p^JI K-lJll^J-a jJLfc — SjjJJ

<_jjLkHjl mil ^ IjU dLuflj JLojIj >^IjJL)I (j ULo 6J_a£wa-o oljj_/i£J[j

lift JaJ ^(p^jla^a <jjj^iiiJI eLalxJI <US Ijj C*2jJI lift jj

^1 ial^l cliLSu^l tjjfjvuAJi 0>JI <> ^QJI AixJl j >UI

Jx. sLalxJI .Ln'if.l jij <Sjjil jjU'itl ^jj-aill pLoJjJI £iioj ^jl LjJ Jj ^

.(#.jjAII) £L*-i^|l j-o (oljjJl) 5jUI L^j Ji-ljli ^1 iij^laJLl ^Luljj

JjJooj ij jill ^1 m-fSlI i_Luaj ^nll i^yai is*.jj^o 4 a mli ._.1U" ^tj it-ill

if-j i rill ^ya-iiajj (^j-ll t^U;Jttlli fij^g-SJ) ^La-ui^JI (_jSJ iCjIjjJI jl Cll n > mi-> II

L^j Jifclal»
Ly
UI iflj^laJI J^wj loJj .ot-3>^il JjJsiaj djLuij ^ Jj ^

i^j-iutJI Jjill ijljj j tLjjidl .ij -w^lJ i^csjj J-iixal ^.ja") Sjlllj c-j.rill

Cink^." (jl ^L*_u^ll (_/U Ji».ljiJI 4 1Q ^ 4*JjLa^o f-Lul ujia. jij

.,_^xxu La (j Luj^j *> (_yjJI ^ t< 1 II ^L^jill

djlll L#j J 1
'"~ ^lll 4 »a >< II ^Lijj>.) SoaI Min JJ^3 ^ " >lj

ifi Lis ^i.LJI ^xo=JI t^^Lu |UU3. Jl jji ^1 » mi^II

0 •



JI^JaL <jj£I iiLIa JjlLal L)~* "»1 (» una II ^jl^ < <aauu la I 'i i <\j>^

4ja.jjJ iii-LJ! jLiJI Luat <jLs Ijiflij t (j_cl oljJjj) _^a2l CjL»>o

Jjh\ jLJI Luat lot .(jisLjJI i» 4">^l mil dJj (>o J_>j1 <^j£5 jl^aa.'ill

ixji^L l^ft jiiyijAfjo^s Ualc j-iu ^ ^1 j-aU

jCi£. £_iuLlJI (jj^-ll 4_>l^j (j .JJ/UI 4 i^sfl-s \rt cljft-* II C'*>"

4_uj II CjLla-uJI <*<j-v ^..«U.I\< ^jj^<U ^Lxjio^jl JaLujI 4 i <i*i-w I -> irilj

Jlc ,j^(l ^jJl) Sjj ^ air, ej^. I4J ^Jj jjj
lj
jJI 4.) ej

<

£ I I ijjj

«3jmjU\<nj^lil CiU^il <> IjLjS gliJ , iUllj ^L&J (jjj^l lit

j) till ClLS^ij ^luS ^ >'|'^ Ol ^yjJl iflj_
>
IiJI U Jl 4jjiu ^yjjl

oL^kUl J-Ail J All ^.Kj iUllj fL&J ,'lt>J
(f
U^JI

^0 J< uu i — ..,jUl\; "jjj^Hj ^jM—>jl Kj'.Kjl I — 4,^j.i.^JI

.i^LJI ^LuJ^I

^ILxo (LojIj ^jjL»^ .Jj^j^JajJI ^ (ill tplj >*>">!! Jxo (Jl Jj-ajlUj

Jjl ^-usuj 4j^ iji^o'iLI ^j-o jr^C jLxLa-l ^Aj

4Jjg dill
< j < 1

Q
'> ij — ^..j Ul\« » Ai[ (J| ijjlj^jl i5UaJI Jj^^j ij

ij^ «"i i^g — (_>jc>L>jJI jl ^I^jas^I \^a.l_LO (jl J^-uj^I ^> II (j^.oj

J-fcj ijj-iol
|> <ii-v Jj-o Jjsju ^j^-^IIj 4ouAj jjk ^g-g-tuJI ^Ja m ^jli Lo

|> ni-v Ja£. dlJj JjO Jfl uJI (jLs t|lg ijJallJ 4_La.jjjojJI ^laUlII (jn^J,

L^j ^'i inlj (L^jijla 4j ,U o ij^xil j\ iij^>-o 0» : J.^-i. 1,1 Jj^ul

fl'i 1 1 J'iLa. t"£La eji^ <^L»_a»J ^1 (Ji-J Ij^i »L^ujL». (j l^r) » LlS"^



<4xo J^J ^jJI i_iia*ill (^j-o ^j-^ 1 1 ^LxJuJI Jjjj JjI Ji n m U (j-oj ij^'io)

.(^Li^lJl) Sa^oJI JjjJI ^U&l

iJiLo d J 1a ujj jit J^uj^II a ma U * Loj ^ti^l
,jJ fl

" Laj I

<L^jJ 1,1 mi-* 4 i^i 1 1 ft 5j n-t o 2^3-^ Jj" ° jliJl I 1/-1C

alt £U_i^l — CiAjlil £Ls_£,^l > ajI-> 4_ujIjj <j£aII (>oj f^3jl>=»

Ua 4 j oj »j idlj jjl oLujIjjJI &,lfl> JiLo QjgKI jij — (^^-LuJI pLcjJI t-iiLa.

£L*_ii^!\ ^a lla. JfliJI Jllfli g^yj (>
mi-^ Jl £>jlj-3* ia.jJ Jx.

JI_aJal jit lla. Jjllllj t(4jJLc oljJ^) ^ufiiUI SjjJ-i oL*.jll JL^Jal jit

4 U fitjILa iajja. (j ^fl"i m< 4 T.ntl iSUaJI p ]ri* n Lai iJ^jJaJI ii^i-a oL^j-tl

j*-a2\ Ji>l=l ^L^J t 4Jr>ll ^ <i 1 1 4-iLgjJI ^-l^jj iCjIj JjnJI (^-a

js
jA4 frlijjJLi tl_jAaJI J! c-IjajJI Ci*»"i 0-°) (j^ "»* {vm-*Jl jLui LaK

CjL*.jll Jl^aial jjt a.UII ,j cA Ua'il J*aj LojL Ja^».jJ ^j^J (<Uai .•fl'»/l

ij Oj^a-
(_y

lJI JJ-uJ^I
f>

>n-> II ^1 » 2u\ ol n.ljfl Jjca. Lo IjJkj ljJ=k S_£-uaiJI

p c

<jl j£j3 i4j
<
%j,,Mi

>^JI 4jjkMI LjLu O Ij
/nil Ji^»b1 .ijl^AlJa

p

iSLkJI ^ i^L^ J-c (s£a*i ^,1 jj ^ ^U_i^L pjig 1.1

Jj^u^jt
|%
uia II > fill-) tj (jjaJajJI 4->lg ill Sl'jj (4j^ja Jj-U jit

CjLmLlll Jj "i! t
ja--^ll mo <L*.ja J^aia jit jij^JI J| LLaJ^

Ij

i_fi^IaJI jit ^1 JLLI ^j Li. LcLfljjl jfl i^-ill j\ inn 4ji^ft-a J^aia J it In'i Jjl

jjxi (_jjJI (jol^li^l ^_ya uLl m-k II Oe-L*. jJSj i6_^_uai)l oL^jlLs (joLiJI

{J\ fill ^a i a ij -v ~>
1

1 ^gjuJsliAjaJ^Q*^ II ^L*_ii^!l CjL^^a JjL) I La U la

4jl^e t^jl II ^Ll^aL^ i^j_aJI oL^aA JiLo I

(]
Q*> 4i>jJaJLi Lj-»-a J-oLljJI

^ I 4ji^aj0 J^aJa ^jl — a 1 a 3>*j I ^.i Ji ~v ^a CiL^jjO J^^aJ Jjl 1 ^a

^ 6_^rtJ^ laLail) oLfcjil JL>UI ^ya Ijja. ^rvIiSJl dLuk — JJ>i c^'

4^1 ,^ K/>Kjtl C£j\jS jiili'i Jj 'iij ^LjJ-o JaLalLI (c-ijjjjJI



ilLLJI jl gl**>Y* ml (Jl 5_riL-o (^JjJ 'i-flJ^a^ll! <j-a ^1 * ' "^-1

<Uk.j iiJLt JjJ LgJ lis. SjrWiaJI oU^jil Jl^oJoli Ijjj J^Ja

ojtj jj^"JI jlj I n,K 4 tL&jAj Loj <jj-^ uituJI jji <jLLiLl J jjjUl iJL.

4jl j^Jaj
LS
-4j t«4 i~> nia'nll j_ai 4jj LSJ I » jiTill Iaa

{J-c ^jILsjj c4_fl( II

olj >l"»H ojj3> l(jjlf Oojj ,_j3JI CjL^iIJ^i^l ij L« Uo 4. Ji>=>-J *)l

4 i^iVill ^IjJjSJL (_^iLaJI ^jjLaJI tUati. Cj^i J£ <_>u
;
iJ 4j| ^x.

Cjljj \ \~\W ljj». a J i-w Sjj in I Cjlj^kLuiil ^ fl"i" (Jjaju^l
j> ma H ^'n'll (_|

..-a^ 4j<_w,^KJ1 ii_>kill ^G-»*i <Rayleigh-Jeans Law

jIjJj LoJoc l^iuo ^; uojj ^ U 5 \" ^SljJI <3 Ujj^J " ouJ 5-JL»JI

.£L*_ii>"^1 objjj

Max j^Lo cjhpLjjM-aJI p^Ja ^ u^J 1

2r"
Jl^l

I loir. LkiL^o 4Ji.lj j ^iaj^iiJI iojjjJLi ^lll jJU *Planck

p ^ e

C t*i l^j iJ^LU^II p
-"^ II

'
a JoJ

L
jj-iA J jax. *>1 i"i<i" I a j *' > > I o ifl JjLo J-O-i La^jl

jl£. cjIdAUiil lli_>£" uj^ulli 4; .,^ ^5 Wilhelm Wien

0 nl"i » II *LL^jJI ^ 0" ^^yill i^-jil JjUi LA4I I j j\ iO,5 II oL=>-jil

e ft

L^i ^Jllj ^yjJI "ijflj's II ~L»^lJLo-i LiLj*iLi Ijj .Sjlj^ ii>.jj ^1 oic ^*'^ *-t I ij

or



<iLj_la ^jAj <4j iMjULjJLojj^JI CjLa-jll <jnj <ij ^ i mil ^jj^£JI jll

udJj j Loj J^ISJI (JwljI j5 II
Ly
la^LLI LjjuqJL L^Ac ^jjj ^pJI iL>^LJI

\ ^ • 4\ rn ^"^-t-j \ A\ 0 iiu, ^i^Li J^c j5j >4j^> .na\)ll j^i ilijlSJI

4^L«JI c^jl ^1 Sjijil In-! .11 C^Uil <> IjJC 4K.MI

. fljU JJd OJU Jifcj |J 4j£J <4j<_ioLuJI iu->4£Jlj iijI^aJI KjoLuJI ££j

jjjj <£^jj^ai,l (J ll^LLa LaOAjj 1 ,>*-jl N^* * 4^j . Jjau^ll ^ <n^> II

4t>j"»'i lilJj tLa. Jj iajljj 4jjL* 4,j,olr Sjrj-uajj jr^-AJ * •>_'"*' clilj

I j ^ >4* ...I ^ill 4j i^LijJI ciljjSlI

Kj'.Kjn j^Ji Jl oj) Jd\ ijjjjJI SjU^II Ik^l Lajit j

jjjl: j un.nVill ^j^JLl Martin Klein ^U (j£J lfkUI

i-j^iaj Jj-a CiO^ii ^ylll SJlflJl j JjyuaijJL tii^L JUfcl itoljJa .ftLjjjiJI

j^LJLl Ija j JjUAIjIj dili 1 (},»»,! ^1 jljj^l ujlujj SjUI jju? -f^
1

c ^ S
*

oLfll ^ifti «4 ilr. (Jji/i-k 1} a 1 La Jinfll^ Nl unl LEj^c IjJjAj

< inn 4_il_^j (J ,
- w "

I 5j) t->-fc (J^al jjj Jj "^j i^j^_>jLlJI L^iLiixu ij I
(j

iuB'i

c-LjJji ^JLc 5yunj **•>/»' Uaa ocL*. L^iSJ (_jLi P»-> II \ *\ * Situ

ajU.1 j^UaKJI jyL am^oJI ^jl dij*iL) (J^OjI jii ttjaa. ujJj jS oljinLjj

mi 1
J U > ..n 5j^.|j 4jjisLij 4 i \ in ^| Lo^jaja n > J^ui^ll ^ m-t II

S^ajJI J>JoJ (^yoLj^jJl ^liaJI <Jja JjiflJI ^JbI3JI j *4j£ ^'l-t'lll

.Ijtjj^ 1 4.1 *> diJj tjl^j J-jIj jj^ajlij JjjLi ^jjL2 :^^ijmll ^jj

j ">
1 1 ^1 t nil CjljJiil inn *_o 4_xjIj 6jj 1n ) kllj^L 5JjLjLa Qfljljj jifl

ijjLj^ii oLi^>ljrl5l t>o frljjjl 5jjJ=kj t-Llj — 6jrp-^!l £Jj^!t CjljpmJI j

0£



4_uL>Jjj oLuaIJLsI <_jl JiaJ i_fljAJ ^Jjj <Qjl ' ° (jx i .All ^ '» -v 'ill

j 4^ di^L. 3>t of^J* jxj . > *\ • • Jj^i

oLiljrLii cLLiilj dlJj "ijLa-o .j^iljll ^Ljji ^juLul jl jl 4 K u i

n

Jjlj Lui t4 i iriL^JI 0^jL*-U i_< niLL Lg_il (^jrJ 4 fl l~i n 4jjl_)J>ai

oSj <l$J£ AjLia. J JaaJIj Jfl-a. II "iiii ol>iJI jj^I SJLill al*

*5l ixfli -A^-lj JjOj jkLal l^iJ (iL'^-j gtj^l jjl JJ SJjAjlJI 4jiljU-o cJJui

dj^j ^l^j .iiir^JI hu*jilt 6j^j s^,1x11 4$uJ j^ ±ti '.JxiSL

4_ijjjrtJi1 5Lazuli 4uo^>LLil ^yj I in Q*i 1 1 ftjii ,J^J ^ H 4^3.j Jlc

<<LjjI^»JI I^jjLjljoJI ^lc (j jjLojjJ^ 4ii.jl ^*ui3 < (Entropy)

^jL^u 4jJlqjlj L^uiLuuI (j (jixjjj <pL>j-i£JI 4-o^La. 3Jlj 4ujjyLj^llj

4 i ntK **il — jjJ^jj jJS — 1£ >jK "^jl 4Jaj-mjJ} i^jl^SJI ^jl £-qj <jjjJI

tJSJaJI I^J ^uJ ^fljfl^ll fJUJI J^ Lit l^od Ijl ULu

Jj)
->"'"»

L^aji[j jy -» II LajljLfl <(_}Aj}|l Jlc ~»- .LjLLuiI jifl

alU m.j ^jSl) Jlc "iiUa LjuAj Ijl J^J .Sjl^^43$^ iiUo

^aJI ^=JI j ^ Ijlij .tl^JI i >2l; ^ <GU tJ ljiil ^uil,

oL1i>JIj olj oJI J£) i^^JI

4^>aJI (jx (i_»JJyvJI iajjc) *Si_y* jrti Sjj*o J| (aUji^l ^^iiii (j Ufl m'i

ujUl ^ac abjj ^,1 4jI jsxj (jjJI 4axJoJI djyljJa j^.1 <iUj



4 d . » > . U II -.1 .U« II J_c (j^alij <4_>jl_)jsJI Kj J'. > vll ^iLjJI jJ^jLflJI

CH i j IjLi tjlj n"i f 1 1 Li 4_jjj^Ij"}JI jljjj <i_>t~ijrLlt ^ J£. 5jLi^3 ' Lajlj

^ >U" .... ilLJI (J <jLi i =» >_! ujrtJl 4*.a.>jr, 4_ijlj-a- 4-sl_t=>

jflfl"*il j--. -y II oLi^aJI J£J 4_ijjja i^j^. jl-^ ! iiUaJI ftjjk |J.t Vi «nl

Ijjk <j oLxj^Hll -i^-l jLajil^j Ji».jl SdJj <j£-ail <>o <_£jJ ^-i

dJj ijA^ <j£J .(j^l £l> j d^i oL^JI $

^QJI 0>»Uil ^l.n-^l ^ mfllll la* d*«=> . t'n>j *Ljl* JjLw di*>L jl£

(j^jLflJI <jl£ _Lfli !jLaJil £_a <G"i_culjhO jj lilt iijjIjjaJI Kjnlij.ll]

e s * *

t> Ji..£ *iL ^djjjj^j^l jIjJL <jl jj . 1 5 1 1— Limits <cJ^ dU.jj.tllL ^jlUI

ijLp d^L (_y^Ji *_sj^ djoi J J^Jl <dlal «JJ j ii o'^Lala.'iH

(3 ijj lj 1 1 l*C i «l \ . \ll LuLu^k.| 4J j.i.L I (jLojjil^j A ~~ ^ -> ° ' (jl a ,a ^

IjLLjuo ^ dtSL jSLi

"'I a 'I
L>j-*-°J 4 Aii ^ 1 tajj ^Jj (LlaaJI ^jJaj Jj^J i4 a La .^H 4-iL^I

ft

. a a 1 1 ^Jj-bjj Jjj c$jJI ujl'i 'V'jl J-t "ill dj*sL

^^i*JI (j ^La^lJ (^J^-ll 5j)U-^ II Ifljlf. Jlj^IjJI ^aJLiuj ^yjJI j^o^l ^j-oj

J uSti^
4->j

JyiVjl SjLjJ 1 i-i-w^ll JjLq^JlI j\ iiiO~) ^goJ^ clj'SL LaI U-~>. ^yjJl

4jjjJU
s

ii!l $ \jj cLiJI ^I^JI J .di'bL JLotS! LLij .-a.nj



£_a J-aLxIj >>•*. »J£^ ^JLxJI 4_mljJ ^Jt i^j^JI ^-lc (j j> (j
ft lA-ojAj

4_jl-o JjoLiLij ^jJI jjLLilll ^uxj\ I rtK a JeLAiJIj (jLojU d_*_ujLi oljljlal

tj^lj Lo
t
j-oj Lo jJj-o

|_j Jl nlV^II Soj-Xj fl_ui"i!l OjJ^> O-llj

Jj» » Jljp ciiJj ^1 J^laJ.1 ^ Jl*. 4_il Jj (jUaill 114

jjlj (SJaij) jl^i Jla <4-aK i^ll 4jLc j iijI^aJI 4j£j*aLijjJ1 4jjLu&a^l

<Jixul Jl (jSlI ^ijjjyJj^i 4 i^ a
*i n 4 5 laj ft ej^iu ^jl <l>Aa»

.^JLxJI 4« j jj-qS(.I ^)J^I jJ-o Lo Ijjjal 'cdJj £-0 clj*iJLi «Lkik» J-iiijI J

iSLLJI « 'US' ijjl^^-jl IfLj-aLu jll 5 ,".1 (jLojjJ_a-> iaJLjca oluAj

djfljfl CjLwq£ I_£jI J-C « Uall £_o J-aLaQJIj iCLisLjj SjrtJLua ^-Lai Jl

^ ' " a " Sjlcl -j a" ->NI o^-lL«-a 4 la ml^J Lj-»-o J-a I » ~t 1 1 J^-eu

4-^a"^ (L^Ialij jl) ioL>LuiaJI ^ys £>aJI 1OA Jjjj QaKS ^^ill iflUaJI

jj^l p ,,,-JI ^L»^.)l iLUll iiLkJI iiiKJI IsLkJI J-c J^^JU a^Uio

<jl JaSj 'L^jt *'->- <^l£ ^^lll 4j_i«aLijJI iijj^sJI JjLflJL J-«X&. a5

.Sj-olxuil isLkJI J-c J.-^^jl 4jUJI ^Ui J^l^j; iL=>._jjo J| J^cu

ttJj'iL Ij^aj toij^oL^JI j i»jLS JUa jj-ujS!I a -"-^ II itaU-a c*jl^

.iL^m'^JI tljj^l jLj-iu (j S_>ilj Sjj^-o ^^X-j 4flj'iC Sj-Uti. lilt OjI^j

J| (^Jjj^tu (^l^ I

fl
lA't^ J[ iflliaJI j» US isLua[ (^li tJJLj Lojj ^jjl'i <ti\jl

JjabLi (jl Jl (^jLuiujI jLilj t^Lsi 4j^> (iialjJI jji iSjKJI SjUlml

jli Jaii dj"iLi JjSlj <4i5jKJ| fijjt Jl Lola. c543^u 4K <o,ll ^0 L5^f-
t"^

tJ^liJI J=JI »_sUj| Jx Ijjli alfl ilj'ic. i^a tj ^1 ijLa^l

uiJjJ 4-%_m*ij .4iiL$j JaS t4jjL».oU ^< . .,.Nl< LliLo Ijj ^jJI

v_)jjjil (jL> Sj_>ixi Jl aj ...jUI\; ^jjj< II 4jal Ull ^aliiJI ^_i.»5"vll Ioa

ov



i^-Llll 4j n'\ I I ^kj mil Jaj t(^Jl) llil^jSJl ^ rt uu < 4't»x.n ^.1 -y -vl

E = hv,

3* flil^S <jpUa)J iapUl iilkJI 3j£S .fa*. 4jLflj_>il CjIjjJUI jAt

3-0 J-iia JA*j "ill iiJLjj fji ui!Ajj (SjjLaa^lt O^jU-ail ULu) CjLi 31!

oL=»ji) JU^3 ') 4 .AaViU objjUl jit U1 t<uli=J! idle oIjj'j^JI

t(j i<3* < « fl-iKftl Ijl Ifrcj 3Li SjLill £LLub <UUa ^} ciLaj ^ L^io Oa-lj

(J CjLjjjoil ^ S^ij jUfcl A=^jS "ij 4jia5 jJLj "il (j-aJU J|

Jjjj L4J g,rt,fi,u <Lil£ iflUa JJIj cliaS ,yfc$ iCiljJjrUi 3-o IxuijSlI <^jJ.I

ijL^jJI Ij'tc. gvljjJ j,a.ui iAjli i_flLuaj j I j >o ^a-aJI 4 La ajjUa gjai

.Ja^uSli ^waJt (Jx ajjdkjll jj-aJajJI

O^Uil Cl<maIj tafujA frLiJaiJI ^JLt SjIjJj JL»-i>| ij jAij c4it i-jL=»I

^^j^tfSjJi (j 4jL&.jjAi ^,11 4j>lai d>c dj"^gj 4juaLaJl 6ji-dl Sj^aisJI

Jj i^jjlj^jiji 3-0 7^ iL^ti 5Jv5 Jxj .(<J 4m U 4jjl^aJI

SJLa. 4,lnLiu.t L^jl ,Jx. L^oJI ^jjlrtiM — 4$LhjL |>Jt Jx. 3i^' — nh*^

OA



Jj^LjJLj 4j»o LgJ (jiuJ ^"i-w t^yjLjjiJI ^jJiil ^ya J 1 1 fl It

JjJ J»jJj O^JJJ J) 4jLI U-v Jj*.I |j . Ik's ASj . Liuj mi n 4 irifl't Llij^Ll (jl^

>«\ .
. ii^ <uuJ jx S^k: >«\n (Robert William Wood)

(j^a Jj "ilj ... ^_>ujL> (Ja£. L^jI Jx <Lx1aaJI (J£
^j->n^. Ail

s_fll_ij^^l I1& jl .-flj^ <d ^j&j 5JLill dit j <d i_Luoj djjlj

4l_i->IU J X? (Jj^ £L»^ o'm.yi ^1 SjljOzJI oliLi^l

Cilj C*jl£ Jj-luSII jkutLaJI uJ»^.Va ^ujlCU j tilj^LJ SJljJoJI «4jj-aLjJI

-w jjoI^JI JjjJlLuiI jSj <qUI oij£^H b±jp ijjLLa 4oC.Ua 4_ua£>l

llSj 3J ill mij i_Luol_«Jlj Jya.LiII ^jiiill ^aSjJL >_alj*X.^I ^ IjS>* cilj

4.1 nil jl <Sj i J-fc 4a1uOi JiLo 4_luj m-> n Ci mil OAj J"> II 4_ijJaaJLfi (J^JLI

Jx J k-v-lJ fjl ,JaB 4_i Aj^IjJI ujLvjJIj (j-ojJI jl I 4-^.1 ^jl I
fl

i Ifj iX

4J^ jil ^1 dJj Jlaj *jj 4 iji\S
Ti "

^ • X A, A ll^ jrJu^ Cut

jjd Ja. j jj^uLjjjJI Ijjj Jl Jji <uk sJjjGJI ^jaJ ^
(^LS CjljJkj ,j\ j ^jjjjjlj 4 *il£ .iL^Jb 6J-<L> JauuSlI |t ua II ^L«_il

JL» (^uJj .(c^'^JL.) c>^' J ijjy^ (ergs £_>)IL) iSUJI ^
CiU.qi ^ 4jjLt iA*u jij ^Jj (ACtiOnS jjSlI jl Jxill CjlOa^aJI ala>

. Jj*JI t>>JI (Mehra & Rechenberg) g^iiujj I .ij.y^il
*

.Ta a- » - iPhysics and philosophy iimlillj ^Lij^iJI t



<u*aU. Jail] (j£J .tilJJI j! ii£J| J&UaJ!

(jLojJI (j (^jjjiLiil J£J ^.
-> II 1 1

a
'i aJj J^l U a cijIj culjJI (JaaJLa

t'ia 4 m mi ill 4jjjJaj /jC ujLfljJI (j-il'i m*> >l

.dJj 4j'i Ij ^,111 La (_£_>il 4_J[ Nhlt Jj t V> {j\ j-q^I ^^aJLuU Jfli 4^£JI

^yjLaj J^».lj JJUj 4 «M jLjljI <G^Lj £_a 4_l^LLJI 4 , , II 4 U J^qLjljj

CjLcjiojj ^LAjDI (J jj^j-t'i > (jjjJI ,jj jj&Luiil j-iij ijIaj^I ^^cLj

Lu»C J>ta J-C ^Lla Ijfl fl'ij ^ frL-iSlJ 4 fl I" a jJiLus J-C 4al"^ a

abut

^jduLflj J * l-*" '"II «4j^Lui-q))j i4lxki (^jJI (j-^j-^ 4 id's 4 i^s^Cj I » II

Jjj oaLiiil ^ >fl-N I I g nifl'i ^j0> <La»Luiil ^ >i<-i">iiij i^jJI X JjJaJI Jjlj-^J

1 m-flj d S !^ U II !j '(j-o^li 1^*11 * * a (J^k. ^ j aNl'^l £_o tL^jj »m a ) ^jjjJI

Jj^jj <4ilkJ1 jIjuSM JjiK-o ^ (
Jj-c,jJ I X 4ilkJl) JxAJI

Jj-a^Jlj iaLLJI ljal~-^l
^jjj

^"-^ ^JjJsLlJ.1 J^J 4^uij JjLfiJI

^Aj ii^UJI 4ff „vlJI j JaaJI J_c JiLL=JJ jj^iLS dLukj <JjlAU Oy^alil

^AJI Jaii di^L. ojI!; ^I^j .LoLol i5LkJI JiUaJI i^l j

4_> i .ii'iH ijjJilJI J^J i Lol^I 4j^! llj jjjj

4_i^L=JI 4 , , jAjjj i^LJaaU <lal .nil 4 « t .UM JJj J^Jj ^-°iJ3

\°\ • 0 4 '
, , , Ajj .m'i I Ij JjjlTi iii'd^I ij^jJI <xol»JI CjI.aaI mil dru 4 a I" a

4jj .njjl 4-)^Jr>'ill 4"> 1 1~> (_gjJI uj iaI I ^^3->j «5jjJalJ1 <iLjjiJI jUaLi

^ylll II J^- 4jLa_>l ^ 4jgJ->JI ^I'i jiiVjI £j\ nfo\ tun
f

^Li

1 •



jj-uzl Cj L^jl (jj* ^ • • iluu idjiL iLa^Sl "Ljjlll 4 ,n mil

Jj^ nj) tjj) ir\0 II 4^kjl (_j.il> La t-i \ iri IL) I ftfl n ^yu^lj i4 t*S t in*^l£-)l pLijjJLlI

t ,J~,J
' JLaC.1 Jx. 4-U-U flLi I a,j» ... n"

(
_j^_oj "}| _>JfclJ Jj)-^-J

d n «o -w

£jU_>Sl 5jl Sjj-uaJI OjI^ .tLjjill j JJia. j^OJU ^ uujJU 4_iil_i

<4jJdaJI £>L>Li£JI J 4j1c jJjj Lax l*ru£ j^l SjJ^o dJJj idWj

j^ylll k_a5l_>il ^ olfl-j JUtlt J«^" Cil^y-oLiil <Llj£ _| <Luj,ia JLuij

(3 6jLa_»l a 1 Laii t(_gjl ~> r,| J*C in \ 4al-» J_i 4-1

1

"i (3 (_yjLflj"ill (jiiAa^

(J jsiJI KjjK <n olj-o Selji ^j*^ n ij «.&ia.lj SjiLflU dLa. jjjaJl)) :SjL»jJI

eLjjill oiuaj)) JdUJ SjaJj Sjii J_fc i^oiajl oLjL&JI ^ JjJaJI

4^js.|^o (j) Jj J mo (Jj->k Ji J-tuLvll (jjiJI ijL^j (j 4_x^j m^JI

(^j^J ((.eljjjill Oj_>^jj ij»iJI dL>*iL> £\/Li.l aaa.lj Sjii .(jlj^JI

SjjJI JiJj -Luj^fLII CjLijjoi) _jl dL>*}L> ^ jrt_Li jJ tillj Ijiii

^»
i U" ..." oLiJjjil & jj& |_jl ciljj

u*'
* ' <JaiLs 4 nTi'v o (j^-j

ill lilLlA <4jjJU« p I I olj 4 al Ull ^jjo ^j^a-j 1-<S a Q t
(_r

. «ol > a*s II

iflj^JaJL ^oil j 4jus J^LjljI ^ill dilJI j JSII 1_il_^<aJI J^-«jj
p ^ _ fr

fi

j_L-a (_;! ijj^LLI ^yjjjljj • i_fi_^=Jt iiLLj Jii>jl LoAlsLfl IIIj^Ej mn'>

La_Lfl CjLi-Q_C pi Q >*!-> 0 oLfl£.l |A« ^jA i (_jl Jo^^iu <4_lS i_i£-jl

^J <( LJ
j_Jjflxol oLjjia. 0 Jfil jj5> Lo 2"^° ^J^"' uu "^j) tiiJj t>-i

dLi'iLj ^Ls .Ja.^ lflj'>:> A, IV Jla 4j'LV H ^1 J dJj

ft p

t
jX j jji. Jx. 4jl Lajlj JuUJ (J^J " ^LsLui^ll (jl ^J^-Of pJ 4 mil

4jjlVi j^Jfl" ^aj <4_JLlll pljimJl (jj II d ,jU\l (J.af.SlI oil

4jjL*_c jLaJLl (_;J-oj tJjSlI ^.Lftil (j <lljl ._fi^_JUJ jj 4.V£1 ,4jlj v-ix. 4j|

1\



j^kjjjjrl) AjaA ^jC *'|-> ill

oLjJajJ! ^y, LajJ>*^j (4jj^^J1 KxolljJI ijjI^aJI KxoljjJI ^jljj

Jl^c jL^»)l di^L J^a. CjJil£ >iT i-iAlo jl^l t> *liJJ .jj^-xm^JI

.SjJAaJI illuiSllj iojjill illuiSlI J-o J£J 6JljJj». ^

4
*i iii i fl i us (3 (_gj*-u^J) in II CjLtljrL^II _-"<^ a (j 5 " 1 1 d " c i U.j 'to" jjg^

Ch° dj^' CjIj'i mil i'II'i (j iusisJI 4jLqLqIaI ^ h<n 0"J^ « N *\ • T

J^uH\ p-uiaJI eiJs> J^a. di*iL jliil Jl 4_ii jUulj 6 dia^

jLiJ*J| (J^J L)jJ_ixjI j^jJaj aJjJ> (j^jl Jj^qjj (jjLLuijjI ^li <(N^ ' 1 4'wn

Jjl (jjl 'i m'lj l ,jl «_Aj£ (jf*^ > ttviAjj «6Jj>.j 4j LusLa- i^jLjjjjJI

J-C !(} *n J-qLxjjj ijjji-i tdj'Jj CjUj^ <UjLjjoll CjI'mo iri'ill Ao-L (jn-s oi

j LLLuf I4J J jx. c^jUII JaIS

(Some Strangeness in the proportion) .^LiiJI j i>l>JI 0^» i» j oUaLu *

dj^Ll jlj I^JLij ^J^ll il)Jj'l ml I

f
h« n {y> ^kjf \ MIT ^Laji ^ukjj i n

a
*> c>aJI jj •-iijj [5_)L*

i'JW J (_>^J C5>3'^ ^I'l m"i_J» jl (>A^ t-L^i ([Jj^uSil ^ 1117 II ^JjJaJ (j ^ fl'i'i^ II (jajLuilll jjoJIb_j UAJ

^1*1 mill oLlaLuu J j *jl .jl^ljsjjI^lU J^aJI Ijjk Jjl II. Jl'j J ujjio jklii^ Jjl jj>

.(kill <J^kj jjaj j UUill j Cjjli

"VY



c^juall *^jLca-uiuaJI ijjJoj fLl3»I

ollj^L JLacI Jla \^ * £ Sjfl5 £ajI£ ^jjJI 4-vjLUI iLiillj

.jj (Phillip Lenard) jjLiJ U a ihnJjj ijj^jj^ill ajjhLbJI iwljj

^Sll ^ LoAaa.! iglawi.n "iLafc ^AUI <(j. J. Thomson) ^.n^^k .£

>aJ>l Jys *>?*J' j NA"VY iluj JjllJ ^Jj .yiiit £xullJI <^>iJI ifLfj j

JjU^SlI *ia> pUjI ojil aSj <jj5l£JI J-t ^ Wo ilco

p. f.

.>JI SJU. ^jj&hll

tjjis 4_»_iil m l jjLuJ u_ijL=»^> o\n nVi

I4J p^jiJI ciL».j-o J£ <jt ^j-Uaj .(Monochromatic ^UjjS^c)

pl w" 1 ;

4

c
i 1 a n «j

»"'» Jl3».jj <jiiJI jtjL^- oLijj^J^Jl Lgj ^jIUYi ^lll

^>a£l >—
i
j*_LJ irill j,.\is\ei viJ^a_i ^S^l (j O^) SpLu3| Jxli) f-jjuo

^JjjO J> a J5> Jl£ ^J^l iflUa (4 nifl'i yGljJI J jiflJ) ^ l-i 111

LljU. jlU-.
:
„. <iU jiil iSLL ^j^J)lt Ijlj .jiiJI jku. J^o

JS 3^ U'll (jSJ <oljjJ^J)ll t>> ja^I jjc jliJI J[ «_i^al pjjAJI

<Jj -»
"*t 4 •> (jjaj <4 iiiO'i ^jill J>o (j^-J P 1A ^1 » mi Jaj)fl id

^ »~> in ^ (j^ kj^iu iillJJ ^^il laa. 4^1 nil 4^jjJa Jji.^jj



CjIj)'* mil (_£J-o d U. t >.i % ^JJLI (^Jl SjU^ II ^ jj^ ^j^-^ LU * " * |*J 4j|

-vjjiij iijj^jj^iJI *sj aI UJt J_c JjL"liJ CjI a >! Cm Sri (jnn^ II

4JjLx.ll \ U"i jjk (jjLLiijjl djjti La J£ (jl£ iSai>.j <^IjljSJI at (ilj'iLi

CjLiJjjJ.1 J-C Lg^jJoj (^.ujklii ng^fLlI ^Lxji^l J_c £ = /iv

L<£

^y=* (J ^
LJ

-^-i ililj ^1 j — 4jL& <_£J-o J-C g-1 olt II gSilxj

4j <^jjl <^l (V JJaJJ JJ^I jj pjjiJI J£ f-
Lf^j,j <CjIjjIj^ jl Sjj^s

J^-Ij L$-ii ^jIx^lj S^a J£ (jj «£ I j mfl'i 4jjLkJ1 L$J ^Ja. (j JJ^_a

ic^pjJIj iiUaJI J,jo I j
"* 4_) 1 1 d -«. *> &Jj* t>o

4-ijJ)iA»ll CjLLII 1 1 j^a Jj^il tJLiik (jl Sj-ii _jJ^Sll P^aaJI ^'iHj I j ntfll

P^iAll (jjJ ja_Jlj ,j£J mfl'i 4 al Ull 1 L$J (cjL>jjji Lfe^-tAj)

. j^aj^i I j 1*-^ »

(_y
J-^ 4 al Ull 4_uiS (jja juu I J*v ftj iLibJJjJ j^a

J-C ifL^llI (j (jjLl m'ul 4_ia.^aJ Jg^-ta. ^jjl Ci-> ;ll JJfc tiUj (j^

j hit 1 (jl (_gjl-^.*JI jLa_i*iLI Jj "i! ^jL^ N ^ V \ 4 'i in (_L\^oj SjjLa.

jl j^aj (LjiaaJ
>
j-tflj Cjljaj^iJI Sj^i ^Jj <4j J-al^JI ^Ijlt^l

jj^l
^j
j »") ni l jJ5 j^i^!l (jLs i^Lt JS_uiJ 4jj U\ II ^-a Cj S Aj I JjLjjJ i_jjLaJi

pj}'^H i^.^a cl>l=>J CjLijJ^J^!! 4x.j%o (ju ifi^JjJL (jjjjjJI j II jit (jx

Robert (j&jJf* o^jjj c^^?^ 1 ^ -U^^b LajLp^-lj

cjjIj «h <LaAa ^LiSJ ifljJl 4jLc, j iLijJa ^jl ^jJI jjkj niilj Millikan

(jc pLjjiJI <j Jjjj SjjLa. J^. N^TV 4*i mi (jK .1./. J ^^ jij ltilj*ilLj

.(jjj^^l ,7,1 <G|_ujL>i 4ijjj CjI ~> H\

BjjLa. ,JI (£jl (^jJI 'II dll^i "iLol£ LcLt (jjLLiljl J» m\l lj£-&j

j^-ui cJLi cj^-jj 'CjljjJI 4_xaj)Ij 4-i 1 ^ 1 1 1 (_j ^ io~> II j^l ^>^l "'^ -j 'iJj^j

4 mfl'i CkfijJI lIj .4 M mill f(jjl*ii ni'i >l L^_l i^S^JLj j 1^1 I ^1 4e_Jiii!l J"^

4 •» l-iB Jl n'v'i nil ill imJ J^. j-lll in'l 1 1 (jL^ ^jU=> J.*S in \j iN^'O j^Lc. j-a

& Ij^aliS jJ I (JjjJ L^ajS (_yjJI tCjLijj^JI ~ a a i 4jLa_>l jja ^^^.1 6_/\Ji_u2



Lo^ ilL*-flJI iudxll SLusJI ^ (jii jJ &ljj_&Jl

jl \ "\ • o iLm o^ ^1 43^1 JjUJ^I (jl jlVtll call I <> 4jI ^1

Cj ^Luuo iM ifl I i "ill CiijJI ilLlj ^-^J^-M ^ll-Twin (j^-1 (J^J lA/iu

ijjJaj gooj Jj£ JajJI ^ 4_JLlll 4JjlIS.I1 ^f^luJI J ^llAjjl jrfTwnl

ij^oiJI SjljoJI 4jjJ=u_» ijllxlllj OJ-ajt^a ^^HJI jLiJSlI (j*-uil->)

4_iLjjJaJI Jjt Jftjt'i
LS-^J ijLLaJl £jl_^=>. 4_^.jJ SjLLI ^ya 4_utj 4_lcl\

.(4 o-uSi n L^LjjjJI <jl ^ uVtl jij iSjLLI <_L>.Ij otjjJI L^j i_»j-)j!u

Ji-i3 Lo Sjlca J^a_ujj J*^' j^
jJ

' tjf^i-ailjl JLaT.1 4 5 Lill ajjia

jl SjLoU ^1 ij^kj ^1 ^1 mn! oU_J JjL>1u ^1 oLLiSUI Ij'if

JJ frj 1 (")^L1 4JjLoi.l m'> )l 4_ljJij ^yi I p ^T""^ Jj.'° ^ '
'"'

p
rt _

Pjju^JJ 4 \\\\\ S^>ii (^j'j t N ^ N N 4 \ iii ^yl^-j <-Jllll CjIj\ /nil

^ ^Oiuj jJ ^^ak ^JLc JI dJj tLiiil jLilj .cii'iL Zijlxl ^ o" ~fc n 1

1^"

<U^j tj^-" 'Llil^JI 4 a >5~> \ 4 infl'> ^-xsl jilt '^^^1 JjVal ^-i">L> 6jL^j}I

J-tj «Jjj^JI a^oLs-ufcl 4jjjLaJI 4jS.-tu.fl CulSi "'^ ijlSil (_gj-tu

4 ijJajJI :4_Ujiaj j^aJa N ^ N "\ 4j_lu 4jJljJI ^j""-^ II . ..ill ^Jjii

4lxu j^iSlI ml jij ij'Ua'^.l JjZ. 4JLa£.| « U,<-1 <4-aL»J! d '»H

ciil j ^jl jij <dLi (^1 ^jJ JluoD 4 \e& II 4jLjjJaJI 4jji5|j *-Ltuj^ NSYT

(Jj^Jt-Ti (_| i_dlj J£.Llu S&j tiJlil-a^allj a » ...^ II (J^oj*. JjJa. Jlj^- J| fijjAJ

Cil-> aij *^£JI K i')K t fl i4-uj^ JI 4 ^ mi'JI ^lxuoII Lajjj jo-Sllj ^ II 4_>jJa-t



ft ft e

'J,*1 J-^P ^j^UI fJLxJI JLiC"^ Lua^ju^i. ofrLa.j .SjjJJ



il iAxj j-o l _ii
<
Cj^iJ Sjj&L*. (5^jJI jJaS o*>l£ \ S > V ^Lt Jj-Li-J

6j5li JJwjIj 'J-tulj (jl-^"
J"*

1 Ijjlj^JI Sj^-fi 4 -» i^i m\jl ^jjjjI jJLfi

c ^ ft

Jaii «-
(_J

-akJ L^l tjjl'i iVul L^it JL5 ^pj) iSLLJI J.C ,ri^ nn" JSII wilj%<aJI

Jya CjI J-a.j-i laflfl jSlI wiljviaJI (_j^o I SjJ*> o ^tfl ,^0 ^j-a- J*^
'"'

J-£

m i ^yjjjj i^IqjlJI CjIjlS jiLiual Lgj'l! 4 n JjrLml Cjl.fljL*i-v 0 CjliLfcl

iSjjil SjJj^. bjjjuo J I Jj^ijjj Jxiajj .(ilSlI cS'HI (j*^^ "'il

jl£ .iuj^flO lijjaLljjU jl'v.i <ii*l£Jl ^IjiiJ LLlS tSjfl'l Ml ft (jj^J (jl iJJj

6>oj ifcjjjl (J CjLijj:\£J^I.1 djl iii i j»jjljSJI >Atl^fl ~l (j J^aJI

J^Q I 1 ~l 1 1 SjLlOa. "tijjJo 6^ 'if. wiLi O^.Lj J_jja.LflII j^JolJI pL* tS,>»-l

.f£]l

,j 6Ijjj£jJI ilLuj J-o^l j2 G^j^jlj LuLj^ jlij jl£

jl ^ >l 4_ilf. ^yj 4jl a,»".<l jij t4 ^ >1 ... ^jx. ifljjjoo 4jjil-t*i^ll

i t uuS
Ij Jj^i^j^j ^S"ill jrf m mi'iU. 4jjLjj *-Li»lj .^Jj^^o^ j ^j"^-o ^5j-o



^j^-fl joiri (J-OJlJI I J.LJ ^ (I) hmLo ^^^Y ^1 jl /^jjj^Lo j J-ClajI

^ o^U^J^ Ji jJi jlt *.Sjl!l j-iJ J-t 4_UJ IjSJhq Jj^ijjj

4l__ Jia.

jj-u-J 1 1-> L I t^gulll J^___L__JLi CjjI--^ ,<a 4_ij fl if, »! I" * « ^aj

. 8yu-£- fi"v ^\jlc 4_JL- ~ 1j « m (_£j-e J-C ij^jjl cl
»j « fl II j - to" 1

1

_i "-'y-i (jl^ 4__L1 <loLiJI 3 ij U'JI J Jj__aLfl_JI ^j-iu ' j _jj (J^-i j-J

^jjj 5jJ ' J-aJU I 1 1 « -v " LzLj^aj ua-J d a 1" 1 1 jl^i^l ^ii^jJL

S^SLa )^ a a -j t4_i.fl_Lfl.stJ I olyjJI plcj-hl a £-a < _)_>_L_]I_> ^aJ^a

4_LijJ__!l 6_Lg_ij 'JJ-»I 4__.lj-\_i I tr\ - » I j i/S - ) o-ulli ^J-S-Lll J-Va-J Lo

5^a--_> j^oj J-_-l Ml o-->I JJ-»I u3 J-C. Jj u--_. II 6l____>l (_§ Jj-JU

j oLij^r-VlMJ L^-J i-Jj-.Ti 5jii_a 4_uxuj-a) 4-jn-\ n J-Lxu J-C. SjjJI

j[ JUj -2 , .„.UI'.; "jjfl^ llj 2 .< , ,,,M< II KjjK.il! ^_j|^_J ULu oljlj-a

cL__iT LtLa-il ojLj J__IjJI Jl oljldil dl. jjUl_ ^1 \§\<> oj *. oLijJ^-J))!

Ljjiji. — 4jU_JI (j-o -Half. £j-_fl Cii^ J_-fli L^J ^jumih tlilj n_ilj

I^Jl_LaJUQ Lcl » Mi l (jJJjJj — 4_LaL_>

.IU"... elljj L^j"_ J___jjJI j Cjlylj-o J-^oj /d » /iil ml ^_i_l^a_U oLfl-tl_t__«

JlLo cJJj /jLi t4 i oi a mi II 4 Cj a_--U ^_a 4-il mi"i ILi 1 4_fiLL_J I pi i o*S J^o Ijj

^ja-ll jj n^ ^~ ^.^ ^ (Max Jammer) j_U. ^-SU ^Liial >(E. U. Condon) .jj

.(The Conceprual Development of Quantum Mechanics) ^SLtt ISLiiliJ.



*i 4j|j jlj-o cllj^j j^lLulo
(_>

h.» Mil l Js
^fc j^^j'ill jlj-e

(j| J^fl-ll

1 a/I'm) la •jl^-a j

Jx. J^a. L^K SjiiJLfl ijtluaj j^j laj

Sj la * oLS JjUj ^1 oljjy&HI iJU. ajSLa Lai t ^.j.,,u'^JI pLjJj^JI

4_>jJaj jjx ^Lli —
Lf^""^

-«-v 1 .^l La£ <4jgUoJI qLjj" nift — 4jgUoJI {ja

ocLco J-ojlU ^jj-oj ^^iSLi La jjjJ JaaJLj 4j£J <olj^JI j»-uu

illjjj&j l3 Uaii J-C ^jl^ <^>.jj-oj Jjl La-ii ^ljAjI OSj .4-ajjij

j jij ^ dJjj U^J 'SjjU j»£JI <L>jJ&i! "iLj-ual bJl fl'i'il Iumi jk^J 4Vv I

(j a^^i villi CjjI^ — al^iJI Js
a^ jj-Vj a^JLua CjLjjy^-l^l

un.i lJj j £j\ 0 ij^ill (jAa j^g iSUaJI ^ys o 4j»o^ 1 ' 1 l">-r* i^g

.^jj-uj La£ 4 iridic

<04.^(mH ^ ^jLDI f^aAJI ajU j ii^lj lL^ki> (William Wollaston)

jl_ac! yuuJ Ljjijj 4_ajls 4_Li_tuj • ^ I Jjl US

e

^ "i 1 1^11 1 4 ift*\ llj d K . II oLij-1=jJI ^3^° C?^' J-*-°J -SjjJI 4 i \ 1



ij _>£_aj (j! Lij "ilj t *_flLJaill aic l^""^ i_fljjjj t^aJI olljlj£

.<jjLa_ji!l ajjfc Jj-q ij
*
4j nni-il'ii njj^SL oLa._j-o <Gl J^. *iJ| t^AJI

jil^JI j jjjli 4jalLI <GLijio Jl a^f^' *>*aJI (j^) Jj^J i^^j

dL^all JljJal £-53 .jl^ajai jl SjLLuj J^. (jAaj jI^j lg,

CjL^all J!j-ia! ' flf^aJI <jj-^ <j uJuaIIj
(Jjj^' CAj^ S./ infill

dLl j ^ JJLjI .lioj kJulaJt ^ji £-a » i_fljiaJI <j j-a^JI (j^aAJ <LL^aiaJI

6J^_1 j M n mil pJjl^ LiJji ^jjj ' '
' * I <_j-L>"^ *J'^l* (^^a I » «a

3 j J ?> n £j!_a-o (_j SjL^.j 4j^lj Uj U-w j i a-JaJI j j la i — 4jL>jJaJI

LJ
jJI <Ll£j£JI <\jjjL& OJ^iJ liajj oJi^o oIjj^j JjLoj a.UII

dlk ^Ul) (Robert Bunsen) ^jli ci .(Joseph Fraunhofer)

GuStav) iJljJiij^ ejtLiu^j .(eJj^all J-oaII >_j^ III J-C Aj'llaL 4 ^ ,.,1

4li ^ujj ^>fc J£ (jl ^jLjsJL — ^iic ^aillll j (Kirchhoff

<j (AgjJJ i^ill Jj-a) jvOiC (jA ^ <n~> l'" 8 t< flilr>ll JajJa^ ^j-o 4j 4_loU>>

Sac jl .U-a. Jiji J-c ^Lsci"iU fjj* iUajl ^ ^jjj jjj>j 4 (5JUJI ajjii

tj i^H j^aC J^Cj lt flJrJI (j-o 4^j.».o 4-SJaJLa 6JjXui Jajln-fc

^rt'xJI (jl^ ^^ia. «<Uuib jvOjaJI ^jja J jit JjLu J^La. ^jAijSlI

t->j »ji^il l >—ftjJta ,jLi LjLoj^ LiS_yi Lj^^o CO^' jvoLit A^a I Ja J fi

t^jnn cull t^xci i£ 3j^».^ail Jaji-i-% II tlit Jj-a <4^lj (J^LlOa^I Jaj)Jo,-w



(5jjJ! >_fi'^LiJI j Sja^kall jl^ail m ""^ L» jJi lag la —i

I
1 6 J-A>

LgJ^Lk. ^jLxJI cj <^a Sjj-oil Cjl«SJ/Ut Joe. ^1 1 in^ll (jj-Ti fi" j^xll ijno nil!

i nn's II 4 >'i5~i!l aia> o-°-S-i -S-Sj ijja m jj£"ill jjxuuUI ^Inm

tjLfl JaaII j Lai .(^jl^aJLjl ^jjjj^ajl ^jjLaI fjaJI cJ^aJUl

jLli.'i! C*=»J> Sjlil ij K I m d ftnr I jl <Gjftl mn (j£-oj JjaII . ,. fl_>U 1

1

JJ^iJI Ait taj .AIL o"i jl iuijj Cjljj ^a 6jj J£ ^jl i fljiklll

i-jflllt ijjLaiLj .idJj L^La Sjj (^1 Jjsa. (jjj .4 mfl'i

i t\\ri (J Jaj U II flJeu a JjJaJj < dL^Jai^l I ^Jc j (JjjLAjuaAjJ.1 (j^ n't

JLc jvoLiaJ! Jja»j (J| Jj-«J L^jL> L& nia'i
^ Q*^ alj t (_>'' a "til <=-j-^

jLajjj ^gJjI-fcWI ^Iflll v a 4_0j^kjl aigj 4j,.i^c CjljJai*. -o^O^I'

(Nature _^n*ij> d^alxJI <LLk_LI ,_yujul (^Ul) (Norman Lockyer) jr^jJ

Ji5 ^ «-«J>*-o ^r-oixl J^JJ (jl -iJ ^ Lgjl jjA a5j n_ijjJ-a ^aic

jjlfl II . a.*:r.<i d \ .^ jj Lajij (Helium) ^jj I a ^1 4-ik. jitslj

. ijU J IsjkiJI JjLij ^jjl 4 mil ._B_»UII dlaj «g! Cjjjj 'o^J^' J-t

•(jun "ill

iJjLujIjJ dJsujul^aj ol^aJllj SjjjoJI pj^- ill jl " 1 ^a LftJ I (J£<qjjj

(jjjjL^^I 5jOJI cLait jj^ualij J iLkljJI Sjlil IjQ .*.".< j
I > .ajkll

,1(3 i.ifl't v^jljJ^II ^IblaJ u)L Sjjil ixLi.ljJI jj'mll j I u.-vl ^ fkjfJI

(3 1 ,jSll —i^Jkj LliSl dlJjJ Irnj mJ JjOaJJL C^-a.jj J_t(}ll h



^ e\ n\\J .1 » n t~» Ti^jo 4 \~» mil i_JLuj J^.lj (jjjr^Jlj SljjJI ^aJi 4'l'n mil

^IL JajU-^ ^-<juLj (j^jj.Ufl 11 Sjjjull 4 a uajJI J!Lqj Lf
lll < aiUII JajJaJa.

(_$jJI ^^jjjjjoJI jJjxil Johann Balmer jlL (jL*j^ f-^l

!\(3 iiu ^1 t—aj>\ (_$jJI a>L*JI jjij i\AAo 4 j m mjjl lias i jLjlc

Lkoifi >..t->."
Ly
jJI a.UII oljJjJ jIL il jLjus JajjJj .(j^j jjjj J^Uo

tt>^».jj, \jfl
I I JajU^ Jjl JJjj fjji l^iij -(j <^ i» 1 d

<A*-> (j-ua.Jj-'Jfl
I I -la

j

Jlill JJ'Jffl-" U-v JJ>i jlL iLLn-e 0 U<"> t. fijiaJI ^ya f->aJI j

1 q "-a*' 4JjL»J.l JfrjjaJ (j^Ai.^1 JaiJI ^ya I^Jjj <t—ftjJaJI jv«aa.^ll ^j^JI ij

|Jj *.lj^<S>j <
(_r
a-uiilJI fr>aJI J JLill JaiJI Jjjj ^U»"l JJ>JI II* J-fc

|J* Jj i-VgJJ ^JLJjiil UjU-^ II (_£J-U< tjjJO 4jJjLx« LaXiC jJ-l-f <j^->

* .
s 6 c '

LaLoj disljjj Q a iiij^ I (_gji-l Uajl~i-w Jj^J (^yjjil i-fljJo.ll ^3 6J£^aJ,l

4fl iVill j L> 'Jfl
^ i-SuL jj£l UjU-^ ^jia. LaOi£-j <iJjL*J.I £-a

Ij Lo l j ^jju ojl^ jJ-I-1 5JjL»-o (jl ^xiljJI ^j-oj <4 t-» i in ill SjjjjJI

S La Jj^J 'LA^JJ-'Jfl II Sjj 4jjj
t]JX-

4 njQ

<(2/-»jl-'J-'-flJI lAJ i-eLxJI CjLojU II ^ya I^J^- jJ-l"> iljLxa OjI^

^juia J-fc I " ''<* 4-uloL>JI 4jjuljjJI 4_Lk_>jo (j pLjjjJI

ti_al il^l CjLjLjJI ^ ajjjca 4 1'i's ^ Ip>». jjl^ ciJj J^J <olo^!l

4jjj Jjj iJ^J (J-
a-rJl j^oj Ioj Laolcj <l Qjt ^ iri^">H jj-a j_4-> (j^-> |>J (_jjJI

^xalj ^- 1 "loo's jiL lajU-^ 4 1 ml in j 1 (j'lf.Lxi jS-aj 'Cj^-Jj -^Q II SjJ

^ i^M^i-s'ill 4j^Laj J^.1 jLujI Laaic- (JjiJ <(_j^axJ»JI dlflJ 4wolj-t"i ml

Ojj) j3^I J ^Ij <JjLx* (jUl iUUJI Jl ^flUaSlI j

J^aLk ^ft ^>ajjJo^JI . fl>U ^ iajlrt^. 4jlijI Jjl oLkyi Jl^al <jl J-t <JjLxil 4 U i mill 4^ ih'iH t^yajj

j^ji^ ajjbJi > ^ „,-,n 6 ja jj .n/rr .Te/T \ ,\"v/\t .s/o ^ (-\. x n,£o"v) VJ^>

("T - r r) o^JJ.Iohl3>Jl^k j
»Ullu^;J' , ^'',

':, SI >

r r :JljiJI Lu^l oU^jil^k jj-iJI j

.ljS-»j('Y - '£)

vr



jl^cSlI ,> .Lii ^Ls^i ^1 Jjjijjj 5jj O^f j»4j ^J^ 1 ^
ilaJjJI a , ,„^ U 2 i"<j te ^jjy^J^II 4la ui -I

fl"
til Jl 4 jo i^i a iixoLo^l

Jjt Jj i<-i-\ II itWK aj i^Lij^l &>i$J i-i t 111 cJjLa. I^gftj iSjjJI j

JTJa-aj (2)Lfl clLljJj iA\-\ Allj 4 l"*\ II ^ UjK II IjA ^ Jljlal Sja*j <J JOC

J| H Jlo Jjls SiLisL (^j^-l .«4jJUtJa» ^ II S^a-j illlaj ^ jjijjj

&jl nr. I ^ n-ij JjUH jLxj| dj JJ£. Jl Jjj^ajJI ^ fill ^ uaj ^jir>^il

jajjGJI ^Li <LjJJ£.j .SjUI ^ a i_)^a-a» JJ-0̂ ^ i«n^jj l

c
i > mi 4_iajjij Sjj i

iL^ii joaJI ,(»_u,
A~V x V« :J^laJI ^il^j h 2 /me 2

,
- .**. A." 1

1 ,
.jl Jya Ifl

.11 J-u=>
j"

II j^J j_jjJI iCjljUl jjOjLoa. £-0 jitl^JjJ

ASj ioIjUI 4-ijJaj Jl u oTn fl (jl j^^aJ I ~> ipl^g tjl^ •C?^*-^l oLiuljjJl^a

IdA ^ r>~\'\\ (^jjl jIL 4 I ( i ll mi dj i

'
i'm i

t^ya l*la»

^jJ^JI jjjo IjLi <(£ = hv) d^L cijlii ^jJt* (jc iojli jj^lIL iSLLJI

w p ^ ^ ,

> jolIj ^jl jj ^jjJa^J^II Ioa iSUa ^Li fiv ,j-o Lo Sjj ij

Jio3 olja>&J^I Cj\ j^J JL5 .£ iSUsJI jk^JI Ij^J ki.olL ijjLui*

^-o <iol^ oLljlj£± (^al in'tol jl) ^L»_<il Jx. Joli SjjLS I
(j

*<*•»
I 5j.alcu,o

Sjji.^11 mi-v jl J-o) isUail 'uo ,jja jiLfljJ — J^=>.lj j^jj^ — isUaJI

J-VflJL) t4 In^UUJ jJjj (jilt 6j^-&JI 6dA ^-JJj «j^l (^jiuw J| (4 n <Jfl.ll

j5 ju^l ^l^ jS L<^ L^l| 'I
;
<
:
.,.M<II ^ ^| Llsin

i±i n n 4 III als <j jij (LiasJ ^^j^l jlj-o j j^Jaj 4>jlj-Q ^j-o ^ fl" ->l

,>!•,< ^.j .(<JUJl 6 j-flj j iijjLaJI ^L«_jil) iiLkJI Jyi LxljLi cl .Aoll j

IjJj LaOic SjjJI 5JL>. j 4 \ iii o Mill 4x.j^-%tl Sj^i JUJI j (5jJ ^jl

(jl o^"<*
I l_^il^ (JjAil jjj's i iii jxill jjl ( a <*sj tCaj^i. t Lo j\ ma"

vr



4 fl 1"i -> n CjLij" 111 ft JjLflj 4 a l~ fi <Jj"ilLa. (_j 4jal mjj Sjj^^o CjbjjrtiJ^li

.Sjill Jib i3LkU

Jl .(jyiUJl^l j <5>i.l Jl iJU. <>a Jilll cbj^j <jl o^uj

Hv ^jjljfUl (jLi tc-j i^i 1 1 La 6jj Cxualol Ijli <4 la oil Jl jl 4iLUJI jxLu

cgj""" ft Ji aiJ^)" vJLjajJ »jVtiMjiii

x T"\,lo"\ ^A^LiJI cullJI I»b£ a^fJ U ^LkJI g ,7n„.

J-c IjjLs ^1 ulJj
(_rUfj <^LNL c^lS J,>Jjaj jib ibL»-o j

J^ftil ^^jr^J^Ll 4 loi'klb «L^-> £jamA\» 4 j£_oJ,l ifiLtJI oLjjn,^

i, 4jJcJI Ja^JaiJ 4^tuLflJ,l JjA\ j^ui£i2 ^.iJJ j > j Aj^J I 5jj (j

*.4fll"iAll ob^alwjil iSLLJI Jji Jl&j J-C

ijulj Sjj ./-ii 4^jt^;JI oSfljl iN^NT iluj <LvaI*Ji o^UUI <>> iiuJxo

CjljjJI i«jbJol yj-Lubll jjJaaJI Jx. SjjLi L$jl£ O-Uj 'Ca^JJ L'O ^ J-0

iii II ^-Loiia^ll ^vo& J^jJj) / _/> o~>

i

iii iji-w J^Luu b <5 »"> _>i^Sil

^1 4X.LLU aJibJ
<fJ

I*Jt ^aSU ^LkjjJI c^bAJIj iJlill

iioullLI ad»^JIj S^jjS jJjj ijjUJI iillall olo»j j^i oljiJIj jj^riJ)!' j-» JoUiJ Lojit
*

j> 4iS_>a. jic ^J-^-1 )" I),'"7'.1 i^ 1 ^ykj .(eV) cJ^i 0^5^;"

'ifiliJI jcJji Oj-^i OA^fJ3 0
J-ie I'NItinnQl Jtlilj) jJ^a^Jj Ij ^jSojk

lajki. gii: ^LJI oljjJ^J)ll Jlilil frlul ii'in.^'ill iiLkllj .^1 nnnl 1 olj *5Lo US I J ^4 iSLkll



JJi ^ni^jla .£ <j£J .itj^oj Sjjj^j istlLo LfljL (James Jeans)

fjjljUl ^1^5} j ixujLJI 4JjLj^> ,>o IIU ^iit

jjj ^>x&l jl J^£- SjjJI 5j^>iij j |*ijlj£JI j^J Jijl ^^ufiJI 5j^>iij j

,4jflj5-JI js^ljSJI £J>jll jj»'w.l

t^GjU-v J£J L-&ia»U Salt-v — ^Jho pKaj «IiS$JI oUj (j ^ jllll

»-a jlii^l SjjJI

l^el . UjU II ^.IJa-luil ^1 Ijj Afij '^-j^i
<n*^JI cLjJjjxilJI jl£il

ja^I — i_iiJaJ| UjU-^ j&\ jjjlj clb J-axu ASj (jl^oiLuj'JIj

i^ya Jj — aJLttaJJ CjljjJI <j-a f-jj^JI j I

fl"
1 a! .ma ^ n i ^lll elk

(jl J^aJI j^-*^ <ajL^> Jfc\$3 3.'.'k'~

SjdJI Jib UJliil iiLUI

jl (jj J i^LuaLi. piOA I Mill *_a ijiljj — II ^.UjSj) — 5jjU

OJL^J »J-^> III Sjj^-^S (J >_i \ mil jmiOjJ LqJujJm ,_yjLujl (_jl L$J (Jj^-f

Jajjjj J .Cj^Lfljj^!) ijJ^J ^lo mil ^.J£. j ._>uuJI jl <<Lo£l l ^.LfljSjl

^1 iuJI j V^JI v>ii> ^jj^l fJUJI j>: JJj J^

.Sjail JjSli <La.jjAU jjJ <j^-c[ CtJj

Jlsu ^)l |t l» U IjjiLo (j^f iSLvaJI i_ulj& f^ya jiT <_jjL=>- J^J

(>o yji».lJI JLSjjl 2J$$uii i-»>*-" c^jt j£i S \ S N i <L1lu jju LaS

(^o eL&laJI lillj Jajj Jj^I iiiLxJI i_j>*JI Aloj < j^=^i

i_jj^kJI CjjjIJ tpJLaJI Jj^ p^J^Loj Jij JL^J^II (j IjjJtjuS J^LJI »

jroSJI Oj^Lj^iJI J^l ^jjiJI j£lJ.\ j ,^JaJI .i^l j 5

jL-iJI tLJjJI Jjl aii .^j^iuJI ^jill (>o Jj\ll ol^luJI j ^.jAill (J-q

f-
4*'!^ l/^j^ <_jj^JI J| Ijxftjj ^-LaLa-a <_jjaJI 4^^LuJlI JjjJI iJ

Vo



Ua^Lo (jt^ (_jjJI Jf^-ll >J^-!I ij tjlj mi l fr^lj-A (j-o (jj^^J^JI (jjj

JJJj > <\>V ilio CjJj (_yJ.ll CjI^^IxJI (j Lt_>_i^laJj j^j jl^il iaLfllJI 4_>

J I fl") nil AS (jj^-> L°->J pfl iAaj (jl £-0 ijjjJjLaJ.1 frl oU II tijLa-jl i_ilj!£ Ojjl-J

pLj^l j Reader «ISjLB» tuliii j^j JLL jii .^j^SM J&a. &

^

jrLu 4 ,fi iivl ^jjj_jj!> ^j-^l^-Q C^J^-I (J 7> t"i^>- ij Lai lJ* i"i iii'iLo 4jL«La-j

4juil LaoaJi nijIjjLJI iiii <LcLj> oL^ul iPeter Debye <_$Luj

kdJj (j (>~nfil<-. (>JLi.lj ^Sl^JI tj dj-ojljJIj IjlJjjj) .-.IU, .jl i in^ X

eLij-iiJI jl'i Mil
.

JjLuiJ ^ *\ ^ "\ <j in dj-ojljJI J[ j^J J^C- Aflj -CiSaJI

4 A nil (Ja~> l (_jjJI JljL^J^II
'J

« " ^joi^J-J <vj I
I j

*'
' tVlll

cSjjJI jjj l^oisG ^jJI c^-oLj-iiJI ^) Arnold Sommerfeld

.lj^LaJi[ (j ^J^Sjjj J| J_OJ killJ JJO jso <&J->LaJ.I iJ^^AjljJI Jl

.^LuJI tj (^jJI <Uuij Ajilll (^^j <G£J ^,.\a"ill ja1o»I

CjljjaJ^il J| jj^CJj (^ajjl niftjjlj (jLWI eLolaJI jaJ i_jjjaJI J-*->

^j_Q I unt i ^ 1 1 1 1 ,iatj tSj^aULi g^jj&J I i in ^ C*jl^a <iLi^aJa i^-lml 4_J^ajJI

j^LlJ LoLoj I) K i_U^ (j[ p I * II (J-"^^ <t_)lj mi l *Sl ) -» jifl Lo^ 4~
i fi o I

^L»i 2^^' i- i_i->; tlA^LJI (^js jjaaJJ iiluail jj(3^ II 4lLLuoa <Gj14

J^KJI ^Ul Jl (jLi^^J iLI dlj^j jl Ul^l ^l^ J ±k>^ Jl^u

j^^j w II pLjjiJl jJU. j Jf^JI lift sLaxuI cjjjj ijs^JI Kj'iKjl

gjUaljj tPaul Dirac dl^jj J^jj 4Werner Heisenberg j^ijjpU

uj-^b .Pascual Jordan Jlj)*^ <»^j Wolfgang Pauli JjL

^1 ol^lmJI j Liij Jj ^Ul JjiaJl ,JjS!l Lr0Ul J^l j fL^cl

dl^jjj « > *\ * > j ^joJjLa>j A *\ • • j JjIj) ^fil^^ II Jj'J-i l^Luu cJj



4/s w.i^l jliiSlI 4fl<\j jlj-oj Ulo-^.M I ia-U. Jat l^il^j tlg-ilc l^iiilJ

i_fll JjjO (j-ojJI (jl 4 9 J u3 j_yuJ Lo-i^j iLoLaj Li *» a (jl^ ^5J .^jjJcJI

jjj-i^tif.j <Qiu ^Ji ^,5v II K i'iK . ^ jL&J^I ,jJ-=fcJ Jj-nJ*ill j>
II iljLxi dj^L)

ja^JI (j^-^j L>jj^J 1 (J jj 1^" >
I j».j-Li (_5>UI (j^jJI /

U
. « Laic

(2>-o (jA n \ \-\C (j^jl^A-o uiLaj Jjl^ J II IjJb ^jl .(j^CLa-Li tLalc Ij ~» u r>\j

Jjill CjI^J.1 '4 lufl'i vdj"iLi CuIj ^ * w *
'J tl In m'l JljLo (_5dJI j^^l Jj 1

1

^1 *>! 4ux^JI jKi^l ^1 J-t £-ublj ^riJ-aJ f^-ljj <J^\ JJi Sjj ^jl^

fL». jiLi j^jjljJI il_/\_LI Lol tijjjjl CjLlLojlJI * « a a 4_i^Jaj ^1 (j * •

d .< . ...Nl< II fLl^jidl jliil 4 -I * ^aJ 4_jl Ijj (_jjJI itsJ^C (j » ilkC ^aJLc ^-0

^j! (jj N ^ N "V iLuii .Acl^aJI J£ ^ I ml Lclo dJjjJLxij 4.LI m'i

4_>_>Jcij j Jl fTiVjl j>j j a fi ijifcjl alj tLjLLI (j J-a-»-> (J-il"i mi'v >l (jlS ej^aJl

J^tsl o-ilx. lujJI 6jjJ) (]jl t(4 Sjj cJj 1 1
1 J 4~JjLcl« jji Sjj J-a£.

«4jiiLaJI ji^JI 4jjJilJ ^Lu'iJI j^j 5jj

(j
mil 4jJjio (j L^-j-o JXI Lo-li (2)-il~< m'ul I jii — 4jj-^ Mill ^^tljj

.((j^l o-»-L ^ ^_)_>JI t^U

'^ij J^j^L> Lo^lcj i(3j_ritAJI u^l <>s JjSlI aL»JI Jl Sj^aJLi

S/uLo 4 1 1^1 La. I a I .'r.'Xl t^yfcl 1 m*jl JaLiitlll d » » ' La Jjl iAa 0 > ^J^u cL^)Jji

"^J
<5^>jJI Sl_jj (_^<ajl (j-o (_^_^a>.*ilL) jl «5jjJI (_j^ajLua^. ^-o 4_»ji;LujIj

S^>jJ! (j LLauLujI I^Jo <
|>

j-CLtaj ^t-wal LaS (^yfcl 1 m^jl J I -«.
*

1 1 sJ~C\i jj

t(l(j'to c-j^- k 0 Ij Sl^ajJI ^Uajiijl Jj a lqj » dlj (jl ^1 kjjJOj) 6J_>ill

vv



iJkS O^iJ!

c c ft t 5

<L»U 4 » 1T1L) _jl Laaj LfiJI plfi i \ j t^l-tVi in He I » nil 4 l-i m'Jl

d l-> ,V. II ^IjjJI j\ -1.1C ^j-Q 4 t mj
Jj! ~1S ^? 1 a "\

I i ^jl "ill

jlU LicU.il

CjljjJI > fl-t^j <J^L^ (JJ^-U ^jhOJlJI - & t ^\ ^y$j ^ n i n j x ni a j^nW. J^-l j-*.fifl

Lai .-LLuj M • • ^Jt> bLlo jxajjl^jll j-£UlJI w_Luaj J-oJj (_£

Jjjl t t^'i JyiJ L$ifi ^ i-J^j^JI ^ykj <4,»„.Lil j^j^JI i^-^i

ijLiSlI <LJjJ j £jjLlLI Sjji-o LgJua^a- (_gjJI j-aSlI ^iliij "\ * • • (j^i '^Lii

. 4 *i 1 1 1 ^jj 1 1 a ^ V * * j-afc i < n~i i (j-o^J J I --
"

' (_gjJI ^ in 1 1 Lj^jJ I cH-lAj

CjljjJI (j-o JjLa J_l£. jmn Lo 6jj J» ' (_gjJI _n mil -li_jjL-o (jjJJJ

^jxiLojLS i sLclu2VJ I Ijji ^J^ujj Jjj^ijjj ^ ^"l ml iLgjIjL^ Jl-**n |JI^"~

CjLxlfij < (_y-iJI 4 'j lV«ll i
iJ

jC.I » ni^il JlaJiD 4*-ul ^-^1 4 ij U\l

J <_ijjG ^1 <(^y>kjl ol£^vi. I jS.U" ^iJ| Actuarial -Ljl^S^I ca^LiJI

6j>-a ^-i -u\v< " f-6^oj uls j vjj^j?^-"" f4.'^ u-°i^' c>"LvJI (jAaj

nn« < mi ^)Jj-a»Sll s-'^LqjJI Lol tl^jJlij Lau» _>i-^l Oty>LjJI 4^^pi

< Sj-lu ^j-o 4-aj)j_a
,Jj
j J_ij .tiUj ^jAjj i "i I 4j^LS j-ILxo Jj^xfl.> i mj '^lu^is

oLlLul^JI ^ U»j n d I aI" II Jjl W II jjS-aiLu) P^LqJlJI (_gl Cj^-Q-i

jjojLj)jiLil ijjLuts-a.'^l Jjl^-^ II ^ ml tLg uiiu 4i»jisJLj .ijjljil f-lj-a-l

pi » fi3»3 j^o (J^oLsJlJ! (jl Ja^plu t^^C-l » ni^jl (JI^JLlI <jjl_a-o l-i uAi

.oljjJI (j-o 5jr^j£

(jJ ^Lsi-i^l laLilll ^1 ^ djluJI Ij^J S^r^iLI ol a mil ^j^Ij

CjljjJI i^Aj"^ JiC . ti^'t Jl-s" I j >4 » mfl 5jLo (j^i 4jaC ^ya Ijjl fl'l-^ i

SyLflJI [jiiQ'i i^i \ i^i 1L) — J-^l ^) '
a -^'- j^oj j 1 4 'i 1 1 a 4jj-oj Sj^-S j

^jO^Ljj ^A.i^aJ I jj-a Ljjjl^l I a ilj^-Aa i^^iLJI a.^\*«ll J-La-j i — 4jj-ajJ'

ijl^aXaiL) JLi-J JjJ 4.j5 r< ll 4j-jJ.I CjljjJI

. -LxJ-S fl-L<a_J I
,

La _j
a 1

1

VA



Y '

;
+

i

i

Jjjo d » ... » 5_jJ j ijjllaJI .-.I >j" ... /> ijjLiLo jj^Laj :\ — 1 (J*S mi

5_>£JI (JiLajj i4fll*v.-N n (jLacl L^J ^jaII ^j-0 it^-a^k-QJ lA~*\9J ' J ()
H

iflLLJI CjL mfl J Ljj^-l| S-flJikll oL^-j^JI J-C itjju3^il

Lo ^"J-1 o-° 4^>aJI (JjLalj <Sjjll 4 a 1*i
*>

1

1

ajj (j <L)j*i mil liSLLaJI j^o iSjj Sjdi-o iujS j^-kjl

Lo t-» i n-llL> i 9 miVs 1J Lo ^."i^i mi ^jjl_i_m S 1 1 j *i H 4j| ^jjj i i

jjj ^j J-C I j a Uj d Al .^-^Jl .'.a**ll ^I'l n i*ij I ji>.l Lo^'ifcj .4jlo» II

iJLlll oliUuj^*ill ,jl Jjnml 4jLs i^jUI i ijUll Jjj^Lala

.Ikik J_fc Lt-j-gja. I^oil^j .4jjl^**£*^l «4i\yit**JI Jjlj^JI)) Jl ia.LJI ^ i l~i m

J-fc .Lo Sjj <j ^jj^J^U jl SjjU iflliaJI jli*icl
t
"^-oJJ ^yt

CjL>.jA)I ."iljU-*. J^o AjU Ci lining tj\ I mil CjL^-jJ Cjlj-i-S J-*-° ^-j'

4_ij1 a"in LgJil LoiLll J-t ^yill oLa.jjJLi iijalUI J^oJa&j SjjLuia



<Gl j^j ^Sj «£j 5JI £ (jUI ol =fcj^JI diljU-^ (j-o ^j^l 1 3 <

j^o ^jJ^JI JLSljl .iu-.jj <£lLll ^ l^jj jiij n il/n 2

J-cl d^IjJ t-i>.ML /iv iSlkJI ^ 3^ ^lUI ^y.mll J| JjSlI ^^luJll

i^jSlI iJUJl) JjSlI tfji^ull Jl iplS 0^^^ jlt ^ 'S^kiJI 6.AJi

^jj^J^l Ji-s' 4l_w,ij J^jS X? .iSUJI J-o m0'> 4jn< II JILulu (SjjU

(^j^J^I Ja-s"i ikiuj O^jS ialia a^nj iioii/ill iJLJI j

oljJai*. J^-JJ *i! <iSLLiJI ^ ^yc Jil 4jal U I CxXJJ ^jLUI ^^IauII j

ujJ^)H (> ^Vj <Jjh u' uj^^' ^.'^*""J s-£^

JajI^JI jjc o^jj J I <J\ t> K'<L' jl

lJ
jJI o^l flV^l J£ ^jJjj — iili^j <Lma£ jkLfljl I f>(3 J isLLU ^

<L..1m. Jlo , LxkJI Ja^Jai. ,> i£U Jl .iia^l ilUJL L?4lu

J_tOJJ 4_ljLj J^JJ j»J j£.l oLj)"> HIP Jl CjLjJJ^iJ^I jlij ' l(jAjLl

(jLfi JjL jl£ J^Li- ej iaJI j^jlj Lojltj idJj tLul 5luua-o > iil^> UjUA.

CiijJI J J^.1
ifiUa oL/lnifl Jt jJG i^uaj^l ilLJI j oljjj^^l

jj "ilj .dj"iLj j^jli-j iii.LJI oljjJI ^-o isLkJI ^L* <»| L$j U ^pJI

jljC^j (JjrLiil ^GllJI ^Jk <Jal mil J^uj^I
j>
"'^ U >_S-ij -N~ II a ' U (jj^Lj ^1

J| ^j"i in n (j-o CjLjjJ^J^II OjilS LoJS i5Ua j_tuj (_jjJI CjljjJI (j-o 5ji-^

^ 51 laJJ _>^l ui a

A-



3j-Q <LoLaJJhl ^ ^ ^ "\ 4j_tu <LoL*JI 4 I 1 mill iGjjJ^J i^>\"\ m*1 ll J-O^l

<Jj^a. (j^ jli. jl Ojuj 4jlnr tdJ j jOjj jl) ijj-laj JJ. tiUj J-*-> (^>=>-1

^jj-aj 4afl-* (_^jJI ^L=>-l!l liant Lo JjlJj .(^jjiJI 4j|_a*jL iijLLo

pi o I m-> II ijjJsj {jA CtSjJI tiLlj (3 4"-^ in'i i/JIj£j iSjjil j^J

3_>aU=JJ ^linujl ^A-uiiU c^-uisjLxll -uil jj-a llJj Andrews Millikan

Jjiil .iij ^^'0 <t "i mi 3j-q Jjl j^-tuiuJI life jfl la Lojic 4_uj^ jiJI

(
_ys^iLi Ij jL> <5jLLail < ij I ~> *i 1 1 ij^a 4-Lulti.i (3 5j*s a 1 1 ' olj'i m

mfl~ll jvuLlO ^ ' 'J^~ vIjLuLi N ^ ^ £. 4j_tu
(J***^

<J^J (jjl"! m'ul I laA CjLu|

pllulj ((J^j^iJ! jl tpj lijlj^ J^Jj-oJ 4-lj^J^^*"j) fl 1 1 SjjkUail ^I'l hi'i vl

4_tuU5j 4jLxjI (^jC (J^jj SjpLii. Jx. J i^a 4->j ^ mil Jfi"i
<
s"i ^^is*.j t^YY

.^JJ^J)!I 4'l*. ml

qj^^-I)!! I^j — JSI iSLL olj £11=.. Jl — JU 4iLL ^jlm*. j <jjJi£J)!l

<JHI I> J |
SjjJJ ^yfcl T m^ll Jl^t" II 4 J m I LyT\ 0 ^ \ iSLLa mo (j

«J^Lu> £-o J/il * "ill) ^"jLo^jJ^ L*j^»^ ^jjJI 4_>j| i/iVjl 4.i'ia*i1l |».\-v'i cul i5j

oLo. J| Jj^ajjj tSjjiLI 4iUaJI o'iiLa. £-o JxsLxlU (oljill olxoij

tfl \ \\ n n llo^ L^jjj JjLsl" 4iUaJI iJLa. (j 4ni <i 3jj Jj^j JU!L».I

u-.l .ii->- Jl Jj^a^alJ ^LjLi*iU 4J| ijjlj^^l Cj-ol^l Jj'^ ^^^""nlj

Jil iiLL olj (^j^-l ill*. Jl n 5JUJI j Lo Sjj «JiaJ J\ j^-h

iljLa-a ^llHujl J| ^^ubjj iJaLooj tdJj (^j! j5j . (iJiT ^jja^ ^flj olj)

<JUJI jj ^ij^JI jlii^l ^yuLul jj^'^l p.n-sll £L*^)! ^"iJLi

^jjJI 4^j^OJ ^vijJ 4_>jl i /^i -»*)! I J^jl'l m\ ll jl^Lfil ^l\-*\"l ml ^_ya j^oJ (j
^ <l l

^1 — ^LOa.1 ^Sll isUaJI cMl=*j i^LuSlI i^LSai^l^ j IJuiia

pIjj _ ^ ^ infl" • ^Jj <^>a^!l I

([
i Q » I ^_ya — '''j K II (3 4 i^> -fcjl

.O^jJI life (j diJjj ly^ i>.l ^"o ' j»J 4jl t^-C. tdiJj



jajjjj-i 4-1—9 ^jC i J~i ill

-ifl'nj ^Ls-i^l laLilJI ^j-ujjJj jjjjJI Jlo <dla (jjlj rn'ijl ^jlS

LajUJI ol^iil J^a .-iU-ll i.L$j oJ iijlj^^l iii^LUI J^aUaJI J
Igjfl ^^jJl 4k-y III (j 4 "u * n _i~jl a'l'il ia_a. f-ljj — II ' -

<LjjlVill CjIoj iLiHI 6A4> ale <jl jrjX. >I Ciij ^1 j i_>"fL9 < Kit>ilL

« (_jl u-fl uuL {Jj <4jS>.wii^l£-ll jl—iSlI ^Uaij^l d5j5~JI j 4j,a5>Jl

.LLl i^] Ualt 4V,jJI iaLUI _.^L3_;I J ^U-i^l Ji^lJI oj-uv

.^1 i^-J (_^LujI J_c <ii_n_lL llK _>.i_j oljrj-ilil 6 jjt> _l £J»ljJI ij jJjjj

.4j_uLJ 4jfl U Cj^JLluj SjLjI j _dj lulJ jlj

ft

lill^ (_^l 1—1 > III ^ n .j ) ,n f^gj) J^J I ll)^L£-ll jJLxJI ^i-B

I ><C Aj i_u.ii.iJI !_4> (3 —u,'<,Jjj <i_iJl.iijJI p —' > "' J^?>1 4£._o5^ L>*3 (3

jl <(uj^l *L*k 4> o£ Ijl) (Big Bang) ^xi\ ^L^l J! J^i^
pJU j _£J .4j (j-ojS La _Jj \j\ ^^-iJI jL_JI (j J-iJI i__J ^^la.

^LsJu^l JLkUl jj^aJu (jl Jj-s n i cliii^l J 4u wiill 60A Jlo IjJJ ^£-1!

^j'iiio Jl ijsLLJJ (Ijjjuj cgjla^a J-o Jillj ^ ^jJ-J^li .Sj^jJI Cj^LSIfllj

iSL_JI oLjl in n _>iSI SjjJI
(
J,i<?>fl"wj .ji^jo <» Cjj-*-* tj j—»^

^£.*ll 4 <>»i ^LuSLa.^1
Lr
_-.L> <Ll__^il

"ia-U. ^LaJ jjl 4^ ^J^J^I (Quantified LfrLaSlS

* " Lj i 4-Lixuj ' --
^jj "il^a

.
(L_sLfljkjl jj^SlI ^j"' uJ I JJ SjjjlII)

J_vIj cjliSjj "ilj i^jJ^J^II (j^jLk. JxjU o^^j 1i nJUui^l IjA

>i._i..iia.i _Jj Ci^j Lojl ' > " .-.j
5
j". j ^iill ^j^J^I J^. _-ajiLj

5j_JJI cjjk jjl «6J_=kII 4 ill mil ^-o La LaLaAjl Jjj L>uJj

^l]| Sj^flJI ^jJbj tj^iC ^-uj—JI (jjill tLoJfc /^o ^jj ^^jJLiu Cu—

>

,Ja^». 4-_3 (SJ^u ^imI —Jj (j^J ._it_DI loft c-lji (^-o LI L^jl d—ill

,_JLH frlj rnSil J-ai idJj £-oj <(»IjljSJl jJU. iil^i. j 4_a_vl Jjlj <a__JI

_Jj c-L=t i_ts^JI dJj (3 -
* 1 ^j '-^j ^ (j^>3 jJ L^jl Lift SjLui^M

l

j^Lm3

.(JjLLu—jI ,j-o e-L^j \ \ \ "\ 4j_u

AY



d ajj ji^Siij i>i jji, uri ii^ ^ ^jUi

Ll^a* Jjl^ d.C.xfl->, 11 j).TwJ 'jU'l ^ju^l'ij ^jljaJI lift pJo* n
Jj!

i I A4

1
(3
j If. Ijjlcl ^yill jj ^ -^L"_>' cs' J^">j &_>^J-l J 1^0-* j^-l Jj-tU

USA Jj-e I "•*>»->

<j 4*jK (jiiLoJu'ill JjlA <jjsjjJI UjLxi. ,2>C jl^-fi^l J£ jl » /*» <>! J-uiii^l Jya

&Ljjj-flJ! (>_) 4_sLlu1I i LualLa ij jill .^yuLoJu^l Ij-fc iJjlS _>^j £

.'U^v. ^1 Jjii iLkjJ ^ ^\ LlxuLij! Ug-.hl jviil^SJI 5jjJiLj 4* >'\,w<iM'\ II

itlllj ,Jjo ^Ajj 4j-uj ^yjja>. CjA1<oI lS^'
qIj'i "»ll <j SIjjJI_j j^j

jyi 5^jJ Jx. S_jJaj tLLl^) ^jjj-ujjjl Jjjill pi i'i uLoj jj)t-i'ifi ^i.Kl miLlu

.lla. !>i.^o L^jlS-o o« j jx^J' 40 10^ J ,^111 3AUI ^Li ,_>Aaj

oljj J^ic Avogadro jjjLa^il jac^ ijJLu=Jl Ju&LlLo olj^JI

(jjjlll jl all i^j^jj^JI Jya £ dJj ^ ^Xi ^Liiii iCjIjjJI jvn

AT



lOunce ijjjjl cJj 3-0 ^1 >U ji£l 333 oLol^ S/^j -Lol>=»- NT 33.1

(^-o 4 a > 1 aj -<*-*5jl a nV> "JjiS (Jjil 33-* t_r$-^ ^L>^ LjjI

JJC (J-C. (_g^3--?^-~i I g K ' p ^ a 1
1 3^ 6 4jJai jl &/vj£ 4-tuLo jl tj^ mi l

JjLaJi b^cj dLljJ 'Sjj-j^ JjtiJIo loll jljc^l 3^1 ^jSJIj jlj£.l»

.dlall 3-o <tijjLLo 3^-°f -2-^ J^-fi

s
\ * x No iltu 3jj1> N 0 Lj fJL*JI 3I 3j'<lflH oSIxj

pjjj (J| fJL»JI j-o£. 3SH J^a-jJj N • 3^1 jrtil " \ * JJ-*Jlj iij-Lu

i4i!L) I

J &\ a " j 1 )7i \ (_yjJI <3>-0j^ CjI J'a.^g jA-ual (2j^o J -> J mo kiLlj 3)-°

JSj licLtw T£ J^c |»jj JSj <Loj_> Y"\o J-t 4j-uj ^^S-tJi .4_Ljli!l ^yij

[J-c (_g^l%."i 4
'< 111 3jj-L) ^ ^ I j-jj .iijlii

v
\ » x V i ^1 4_uLj 3^->J-a

Jlo ilLa. j L>xiio^l g-o.T>- Satis ^LjjLj >iUjj 'iijlii
n

N * X £0

yjljUL 3^SJI j^£. 3U ^-u^ilJLi 3>oj • ^*iJ M - j M •

.(^Sll j "I jl^Loj
Yr

\ • X "I 3-0 ll=fc 13^ Jil JJjJI liAj .

w
> • x 0 ^

JaLjlHJ S jjjlJJ TV LjjjJ 3j^-> Lajic 11^. \ m kiLlj jjjj

£_>kjj • X 0 Ji'M' X "I
f

uiilli SdJj ^jIaj IjLo 3^Jj .Lg-va

3^tj -3jjia (^1 — M • x \ 'iLiS j^ij Ju=^ lULi L>UJui'ill

> .Ia.»II jL^ai^l ilkaJ jlo lilLc jjU'i ejiljj L5jL=>- Lul£ lU=>j

JjLs JaLfllajj jj-iUI 3^jj£JI 3^ 4^4jl ' a^ali jjL=«-ll 3^1^11 Jjj

Lgji Jj ^1 pjU-^ II fl't^l iiljj 4^.^,1 jlo (Jjl^JI 3jL1JI Ijj I^Ij

4jli dlixj lgjjSl.il iijlii ia^^SJI 3-0 5a^.lj 3^->j^ 3jj ^-"ji ^ 'LllLc

jjo ^ 5 »"M f-3^JI Lai iSjj
w

\ • x 0 JI3IJ iaiill j5 3^1 3j^-i

jjUJI 3jI^JI 3j^-i 'ij-u) uJf^ ^° (5^ J-^ J^aJIj -^LiiilJI dij

Al



j ^^Lu Loj *<^jj£JI oijj ojf^1 a-0 Jb' ^

tf All pJ^JI

o ,u_J SUfcliilj SjjJI i/i ^j-a 6_£i ojiJ tilLiJ j^lj

4jLa-mj <UaLa»a 4iU2j Si LgJiLfi tJj^ijjj ^uitjl lo£j .SjjJI 4 xjnl

4'i-> mi 4 Jc I
fl
'in J^lj (JS_9 iJaiLfl O^j^J^j^-ll (j-o Sl_^jJI <jl _j^Js

Ij^gl nilo IjJC (jj-* ill J 'j ((j^J^J^L) 4 ill 4 *\
1 1 a gjnfl'u 4_L3>^o

!(]'<! (jjjjj\JLj d j * »
" (_^j^».l 4j_>j 4_i_mLu;l 4 n i iii-v illLlfl) (jl .Aaj I n )3

Sjj J£ j 6Jya.j^ oljjj3jjjJlj ijj^j^ilJI 4j[ 4 '>t i» diaj ^

JjiJ .Ca^-jji i »0 II j^j-^ l"> uul SjJ IjcLo Sl^lll Cilj^Jjj^JI til

j oLijj^J)!! JJJiJ UUj jlmo 4jLILaJI j Sl^ill (j CjIj^jjjJI JJC

4 \ \\s ^jJt j^i<i'>» II Sl_jUI CjIjjjjj^JI J-ic- JJ^JJ «4JjLl1LI SjjJI

f(cjljjJjj^U 4_uj_£L> JJjiJl) <jl-> mil j cXijJ^J^I JJC JAa-JJ <5jjJI 6dA

JJjiJI dLaJ jjjJI oljjJI <_K>-*J 6^ •wr^*' 1> H SjjJI 6dA pL-qjS

4 a l"i n IjIjcI oiLoj as i Lg-ua-au (JiLo oljjy^J^llj oLjjjjjjJI (j^s 4 n i fl'i

4iJjA ji j^y^ ij ^jj-?-* (J^
"
J

4jjLlaj^L1I jvaLlaJI jLi iCjljjjjjjilll ,jj

l^yninn N *\ S V iluj ^lo^I Ijjfc (^Jj-uj Ji.jl jSj JSOtOpeS jjUiaJI ^j-a-mj

oljj 4>=>.J tjLi^l uxmJ idJja i «4_cuiu J-S^il» i^flj^t^l iiUI

<4jjLx-ojSJI (_^ajl i^-> II JjJ-=* (j 4 « 1

1

Q *> j-flj-o-U (j-oJOJ 4fll3^,^i (jljjl Cilj

Ao



(ljo^a-u£«> o^.lj ^j^jajj a=Jj ujj^ (> apj 5jj J£i i (Deuterium)

.^Ll5 % SjjU ilSJI ja^j Sljill j oLijj^j^Jlj oUj^jj^LI J^JI

j oIjjjjj^II JJC Lai .4 l7\

I

t ^x5_) 4jJc (jllaJJ <A JJjlII Ij^J JhOjJj

(3 ' KjJ ^ C5J-^' fA>" p " "" 4 'j^jjJI
t
_^ta!>l iri-fc. JJxi (_$iH 1SI3III

L^jL >_fi_>
-3Lij .<Lj.HI 4 l"i< J) jJoiiL SjjJI <Uj£ (_yjUs Sos-j J-c

<^"UJ J-6" d&jQ\ -2-^ *-lj^ o-a j^jjl 6-»

u^j^J tf>^' -AUiiJI Lol <
12C jl.n-.^L^ J (Carbon-12)

Jx. J£ j ciiijjjjfj SjjLajj kxjuu J-c <s£aZ 14C «

13C

jjUai 5j>ica (Z = 50) <Gljj ^| lijj^jj jj^.ivn-^ <U i^lxo jjJ.r<a,ILfl

Jl (uxA*^ ~^) A = 112 <> i^jjlil 4 l"i<JI (kLflJ I4J 5jiluiA

jj*JI JiSlI SjilUI ijjAl ^jiaJi, (ujj^ V£) A = 124

'(tln-a-jj Ufl 11 3jj la.au 1 lot Lo) olijJjjdl JlLo olj^jJjjjJ' (j-0 4.<xi

j

5jt'liull jrJX. j'l U'.tL. ^Lx-i^l ial rn'lll ^'"'J_'J .1 (j'lj > Ujfl jj I'll 11 Jjx

l^j 4jtjij| Loj <dLlJ f-Ljjl 4jlui\|L> *••» 5jiil.m.fl (^jji.1 J| Jj ^
~"

^jjJl

U-° ^JJJ CiLjjJJJ^ll t>) Jjj ,>o uj^" 'L^ljj i>j^ ^Jjjl

i_ij"ijj Sjlc! t-ljjl 6jfl~s mo Sljj CjJJLiil ( £ ~f^J
''^ *l^) ^lAi^J-1^"

An



ol ftj ni-^t. J)M IVil I o^-fcl 1^1j tj-*^ 'C?J>a!I jl L5J^^ jl In niY^l (^j^ij
f'J^'

i<~>\ I J-a. (J u i^-i j i -» (j cJJj Oi^jj la uiail liik jj-a LLuj LflJI

Sl^jjJI Loljrtll ^yH ' <JjL*JI 6jjJI jVlj ^luj .Ifl inA** CljjJI 4
1
J

1

.SjjJI <^a j« ual 5j-o
0

\ • ^1 ijSlI \ • Jx. JjJj L*jJ»3 <-fli<a'i<

(JcLfljj ^iJI JjLujjJLjj ^jja.jLaJt I QQ-y& 6j jJI oljj.j\£-NI 4_il -> uj JjJj

CjLjj^^J^II 4j Laitj (^J^-l Sjj Lo» Lol LjjLo (_>ufJ ^^Jt^l

^juuj II Jjam I, II oljjJ^J^II i..i-> 111 £gj l
Jc.lijJlj i t

(j
.ni ,

*

>

4j aJc (jAuul J-c ^1 j II £jLtzj liijjJ^J^JI 3 «l ..ill d .A ij « II 0LfLi11.ll

<jl (JjijJUJ JjJJjLjjQjiJI (j^sLiJI SjjJI ^j^tu "Oo-luI^oj 4 1 II Ij

IgJ <jl j_o 4_i!iLlaj$JI 1 j uajl — ^ Ijjk. 4-g_tl CijlS jvoliaJI jjaaj

LgjljjS! I » t"i Jjjji. (j jvaLlxJI 1 uji Lojj^-j 1 4 a 1~i -v o ijjj L^ljjl

Jjl ^juojI i(<jJla U j*l U'.ll . La_ut j-'j^^ II <^a.j Jx.j) ijjjJI

^oll«JJ loA ^ Uf.l jij j ^Ujl 4 i">l jLujj 3_>* jj^'^J

iGUllI oLi^JI olj

Jj.^.'ix'^a- ."I'lt-^j <6jjjl II 4 .j U>\ Jj^. alaJtl 4I...I ... ^ e I

J

iiaLiJI 4 A. ...'.II j L" I 4 1 ... 3^lj-° Aj^Lj t^ya Sjjvlj ^i j in" ,jl *lLA)j Jx

IjLLuit c5^JI 'Max Born ^j^j ^i&la ^Jlj&\ .(^Jl ii^JaiJ

jllxoSl iLl > AAY il^ Jj jij .N<\TN iLa, JUa ijjiiiJI oLj^J

vdj*iL jliii o,^Ja Lojic 11JLL jjl^j .Breslau jM_>..n^j 4 * ol > ^j^j

av



UJ^i i Luaj l jij .Jaj Laii La£ iojlill

lliuLuil 4jjijjJI (.AtajJI ^ >4j.^LjjJI Jj^aLfllll 4jaJL*-o

^sjjIj (j tdlj^j n_j^aJI J-x_> AjjlTill frLjjjttJI ) ' ) a j SjlxJ iiioC jLuaj

oij iLxjlil pU^jl ^ i n-v t-ln If till j^A^». .jiL^JI ijjJaj

<LijlLI oLJI-ol^ l L^jjL»JLlu1j joliJ^L ie.Nl" ^jjj) «_s_jjlj .-«». » -^1

JJl_ij <C)I _^w<iLaJ.I tilt (3 j^-l .iSj ' (<J3i cjL^J^-08 ^-t"Li im

< j^al j >.!! (_£jjjJI JjAaJJ 4^> -wlj ijjJaj Jjl 4 cL>Ll*_i 4-ioiajNjl JX.I ^1

jij iljjfc LLo^J ^jla. ^Lui^l ^ Lo£ iLaJL^l Cilh (_jjJI ij^kjJl ^yij

isLUJI oLj>j<M,f> i-sLiiaai JllJI ^jJ^J^II Lol .isLLJI

^ La^ SjUl dlLuJ i> "ilj -JjLiJI j l^JJ^> J^>lj uJ-^b S,s^JI

4_>Lcu!aJI
(_)
Aj<_> ^gj » J » 0 IL jjO.j i^ojiLiill ^aji Z = 3 4j <_5j.ll ^^*>xll_a

4j (__;jjl <5JJ-iJI Jj-LaJI (j JtiJI jvolaJI Lol .(^fcjjjJ^JI ^U<uiJI

4_LjLaj J » niij <Z = 11 4j <__;jJI_5 > >j lqJI
i
_^-fl lLlLI 4*JjLa-Q iaa

AA



\

4_laLi_o Sl^j^ ^ol,j * II Ja-nul oljj Jjj-aj (j^-oj ."V— 1 <7i

iilioj ^jJI ^jjliUt (jLs dJjj^ i(LiLflji_il >i^)l) J-i.nJI iijjJ!

i-i i mil J!Lqj Lo
s3-&3 t^ylLa-a fl^aj Ls^JLc. ^^jj^JJ jjLfl I J*C ftj

51 !*> II (_^oLu;l^ (2)^jj*£ 1 1 S^-J-LI i n II (j^oiLua^JI

Lilt 4jl^a t^jl-^ljjl (jOjj^iJ^il £j^=*- &J>=*-J-I>I SJsLLaJI CiLi^Im/) 3 i=».LLs



ii^kaj-U^JI CjIjJ JJjlj tj^Jj^ Sjj AaJij LaAlt :V-£ J£_u»

<> ^jj) lULd* Llkb L$J
tj
1^" ^-JJ-^ 1 t>

j CiLjj_/\£Jl <UjLoj j^jjS Sjj J£ J 1 -yTij (oljjJliJ^II

^ oL>j^J)/L> iilc^J pjil) ^jill vf1^ c^jj-aJI Jj-^J

\q lOJU . ali"> iLaj olikk LjjtSj iilc.SH ij ^£juJI (j£-aJJ Z j SjLjJI

Lr^-jLkJ! >_fl^LiJI j CjLjjyviJ^II J JjC jJk elja/v II J ^> La J£j tl lot;

•c£>^l cljoJI £-a t-klijj



(> Cc-^j l^jj&iy J^li ^jUJI J! £jjD!

s^JLLal (j ,_m mil (V^t 5jSj fj} <UdJ (jSj j»J^ .ijjjJi <LiijJl JjJj-aj (_J^jjJI

4 n trnft ^ya

<Uu d-uliii a^ryjJI Cilj^i* ij j^jIjuAuu! Jij *.«Jalj3j5|l Ijj^fij

(jjj^JI IOA 4J j^j (JXo "ia.j t
^fLojJ ijili ijjLualllj "CLoSii jhJt ^yuutoSlI

iilc^lj <_BaJ=Jl JofrkxaJ <J .njt^Jl QOl^ill v. 9 ni".<j djti^Jlj J^illl

SJaa* <j1 J Ijj j_jjJ1 j^ll itUajSLil Laljjuo a «i*&2J ^Ijlli <Ujjjr\£J)ll

^luall j^jJuj JjljaJI 1$j Jc-Vijj Lf
jl\ iaj^LJLi ^L^u^JI fo^j

.tjS-Ay ^ciIjj>>. ^1 fjfl^l otjj ujSj (> Oi^i '-6-"

(jjjil) H ,^jtjjj JJaH Looitj <4j1Lm 4fll,f.t iJ"iLLo")l «Jjjijm

_At IjJj JjijJL jyliAa uJ*lli. <Ui f^lfrU Lsl .(^Jlai,!) jiiH ui'iLiJ)

^lo-cuSLl! (JcLfllll Jut !*-flJ^jj fdJj Jia (j^iji. ^1 £-tJo I ^">(j n



ISLijK il I * Ti 4_»j£.jil 4
C
» > j II jl ^^jjjjuaJI Sj j (J^ajjj : i - i J£_ii

4'i^> mil 4_i2».^o ^LA^ajj i^^kjLaJI Jj^kj^JI
(^jjj

:I^J^II L^LL^cLi

Juu^aJ ^AjU jj^^J^I 4 Kfllji ^jUJI 4i*ii- j^KJI ^LaJJ

.^pLLuj'jl ii^SJI 4U,., lj, (NaCl)

tl
(j -^j lA. CjLjjjri^JI 4"i mj 4jl^j (_j Cj Li 4*i m j^jj£JI liLtLoJj

j Kjt: jliil jLklJi ^ftUJl ^Lijji£J)ll

uy^-jj 11 ^j1j«iJI (ioj -^jl-i a^oj ^& ^jjl <(JllJI i_s
v
JJLll

4_eu4iLmilj j^jj^JI SjjJ 4_i2kjUJ1 ijOj^l oljjj^)!! >ia-1j ^Lcul2l - '1U

^ 1~i fi

o

i_S"ilLij <j^&.jjJj-& Sjj J£ 0 <4jLudl bJJb (j ,_yaLaJI Lgjjj^JL

^yjljjl i_S*iLiJt (j^jj^ Sjj J£ ^"j lL^Ij (J/tjjjrt^J L» i
a
P
'lj (J's at t

. Cj Ljjj^vSJ I a~i i i fljlj (J*S mi t I
* I" " "

La , Ji^~»*i I Q L» j 4_LijJaj J ~> oljjJ! (jl Jj^-'J

j Lo£ <jLa.Sll (jAaj jli-o ^J^- i-S^Lc J^- j£-af

jl a m Lftjjj yjjj^l^JI (3 j*C a'l (jl J .AaSI J
\fl

11 f-^jja. 4_ILa.

Ig-l SjJ Jj-^'t't jl <AxuLlLI ajjjuaJI jj^Ji (^j^l tjilLa. (3j Ca^I^

lo^-lj UlS^oj oLjjJ^J| 4-t-Kii jjja-jLaJI L^i"iLc. ^| lilioj Sj'H LoLoj



4_fl*J_C. C-Jji Jn*s" mjl ^jj^iJ| 1^1 1 ml'slj jjJ^JIj (((^yj^il i—fl^LiJ!)) I* I'lno

II Sjj i «"ilj lijJLuJI 4*t-> i7ill Sjji-lj 3 j a J 5 q > 4's-> ml)

5 t/~T\ \ \ (jLi jl ~> Vi pi f~ill -fcj iLjJLuj Lj_jjl

^io) |*^jJjja!1 Jjj^K
c2vc> 4.\.-> im 1 1 JjLjlLo LLjJ^ Lsj£-jJ ^jjaJ^Li Luil

.(pLxkJl

> Liali (^jJI jljiLui'JI J^uajJl jiijij CjljjJI ij-t-i lIjLsjj^J^U 4_t^jtiu

idiJJI 4AJi.SU 3-...^«.H ctftfsfll La! ^^Wll , fljU icu^j

(jl Jl> "ili (. floJflJI <> X i*ju>\ <j«Jl"\j iSLkJI j> ^r^JI dJAJj)

'j lajJl (J
--^al (Jaaj . JjLflJL Q '" La£> t^oLlxJI £xo^J I uxflj ^jJj

JjJ-i. j-wotlxJI i„< M^J £-0J j iTl 4 t-i inl^J J_a-> jJ-Q-J jSLj JjLs

1 f jvoLic (JjI-oj ciLcl^i <ill >fc ojl^ N^YY a^jlu j

g-j^oL Ll! o5j .(AV <Ao 4Vo ,VY AN <£V) ijjUl
f
li^l LgJ o*j

^P<Vn II (jj^-1 (j^ ^ «4_ijIJL}!» j^ollxJI 6 jjh ^y^jLu^k. J ) ualidj j^j

^-o (_^ajl t"i i (_^jJI j tTiJI jj4>j pj'tj^jjll 4jjLo^o ^j^ajl ifla t J-j^">"i1Li VY

^.Ix. j Sp^aill r- 55 ^" Ofij (bjjii <Jj=£l\ ^jLajJI Jx. iojlilt oI^ajuJI

^j^ajl f^^w <J ^1 ^ l^jI (^jJI *VY j^^jJt II t ^j_ilflL^JI i fll uu$l ^-q <^>|j

4jjJojJ) bib Ct-vjjl a5j <iajjiJI iixsSJI ijjiijJI 5jjj jj5> dJj

CjjU tl'ij'n" La
L_J
-4 t-\\n\

<\ II O-aljLoj id!j
J-Q_5

ol^j-ui ^jj iAf, j



4 il 10 jJjLJj CjIj^ oljJiJI Sjj-ua £j-o N >lfl ^ULsJi OjLs tCjIjLiJ!

i4juojjJ1 .^j^ji-^S jii£. ^.ujlljl (j^ill e-Lj^i
(J

,fl's "ij |v U ^ •
1

1 4_i_tLi

4 5j 5 II ^jc \\\ J*lifc LgJjuoj 4_Laij JjuI Ljgifclli
t
2>J-riaJIftp «

^jLaJ j^jJaj jl ^jiLj iiia_> j»J LoLc (j^ nifl-v (_JJ-o J-C-J .iuLgjJI

JjLaj ^^laJI 4_lEj CjjI^ '"-^jll Ijib Jljisj tjiJLjlj)^ H Sj^jaj 4jjjLLo {j \ c\ t

Aspect 4^11 5j>aJ; ^L^j o3j .a^SLxll ^_ya d 'i a 3/inn

(JLlJI <j *L^I L^k ^1 iJUJJ LaKJI Lru^u ^ f^JI l^i^l

.(sJJjlj^JI ^JLc ijl^i. (_5Xq ^1^1 <j <-i »o£ il CiS^JI jjL^. aSj .^^jtil^JI

t^Lu iitlj «ol ^jJt Linus Pauling £jJ$j ,>* JaaJI ~ ^ - - j-a^l ^tfjJl «mJI .^-1'

jij « .0jixll jljXI O ^ J^j I ^ll! dj l Qj. Ujj , A .< I I is LijJI Ai>.U J 4jL^jI » N ^ 0 1 4juu ^ ,
'

(^uLuiSli i5>«-LIj (Horace Judson) ^j^jU. ^I^^a ^J^-l j5j .q!j> 11 oll*^ 4_wljjJ ^^Jl II!

Ow^ 4_i^iJt Jj^aUu jSJ (ijlLU f^jJl» ^."^ 111 4j££ j L^J^iJl ^ CjljJ>?iJ iwiSJI pLmu^U
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iiAllLo pLiSlI pLjAi Jl J^kll Jl SjLi)ll J j^>j eii*iLi ^-LJi ^

(_j I £-aj ioL^jJJj CjI fi > >ii^s II (jja J^Jj^j ^pufl i jjl Jj *il uaJ I ^jl

S^jiiLliJI ,*j£. • 0 <G_lu (j c-j-iAJI jxjjlj^ Jj*il ^j-*!"' mi'i il

IJisJ)iL .-. r- *- N^YV <LLtu ^yia. J^q" SjiiJI ^Ls iix»__^^^jjiJI

4 »j <UII LoLoj dlj^ _jj2sj 4(_^<£sjj^j cilj ~> J-i 4 niO'i (jj
l"' uu > l ^jl^ .AjSj .._)-^.IjJ1

:(_^LiJ^tu _j-qjj^s Jjl (J (j^jLiil a5j <i7i-> ill Ijji ij 4'<n i<V<l.l ijjjill

j^a 1 5 uno jjjj *i i^jO fl LI Ij^J Slfljll <jjl^LLJI jLc. j^al ^^JuJ))

^jK tl to ^jl £-aj «.CjL=*jJJ 4->jlVj ^jjjjajjjl ^ 0 "i 1 1 J^. 4jjjaJ.I CjI * u II

^Lfl i^^^jj^flJI S^LLai! jjjLlAiil iljLsua 4~> tn \*\\0 iltu OjjI JjJ

(jl \
<\\o iiuj CaA ^il» (jKjljo Jit ibLall alii jLl^ Ui-

OJJ j5j ... I U'ln jkJC (j-a fkCjJI J-t OxuJIj (jxiLuJ'ill ^JC J-ibl

4_ii j-Lt ^jjl Ciij-ll ijj j-iAJI Ja-Ijj (j£. 4jjju p(jJu LgjL^j

4 ^> in (jjo 7> "' H ^3 5 ^> ~<
1 1 i

1
"»

~i > i-LLiuj 4_jic.Laj 4 mO'i (_^£-

^<_-~ i.ii ^Ijnj'sll ,Ernest Solvay ^liJj-j Ijl^ ^UUJJI ^ i\ „,',,,. ^liJj-j ^l^^ oili



^ semicorpuscular .-. i —
.

M

jj^ijjj ^lc N *\ N A «Gj^jj 4 N ^ \ o 4,i ,n tdJ j j «.t$jc ^LsjJI (j^-o-j

S i
**

i
l ^ ^

c c c

associate JjLS^o jLLajl^ ^^j-qjjI^I _. ^ J^l >lS"j ol^l^^l *

JjHs Uajx. <^USLI (_^>i-a olj Sjiaij ^li '^jjfj j professor

CjLjjJ^-1^!I Jj-o CjI fij nn II j-o_>Jj (t.flV L^lSLLj 3 US'ill Lijlj£JI» J| Sj-e

JJUJJ ^jJI _>^l JJfcj toS*\ II K \'|K ill (j ««LLJlj» JfcJi Jx. ^>
m-s

J

C & j

<

<Ly
jlj <GU) : N *\ • *\ ^i Ti nu.i l JLS oij <4 <ij<n^ I I 5iUaa 1-ilAj

SjjJjaJI
(

_yiLiu'i!l
^f£. Jjj j-n

» II Jjjill ~'l '"'
' (j j^j j-Lt jij ,2". . II ^J|

Principle of Complementarity «iJxoiLll Ijj^

J>l"l «n" "il (ilLaJI 4>iik (j) pi nj 11^ CiLa-^all (^jJJjJaJ ,^1 Jx. (_>^jj

.A. Pais_J «>j_>JI u-° »j>=-lo ^ Kill Ii4 j oLuiLji"il
*



«pl n \ fii-t. » iiLLa (jjjLli ,JI 4_a.L=JI (3 5 J • " liUj ^ i A"i ij ijJ^oLuJl 1 a
' 1

1

J^J-La jl L&JJjj iJ^Jj-QJ Cjii^ll

(j jLaJI ^/OS-fllJi djJ JLaJI tjj 4<jl_La^aJja ~j il JU <jl ASOJ

jlx: LojjCj <iaL*JI 4j i aijJl 4j^Laj 4jjS C?^' <xuij CiS^II (j j»^JI 4_>^iaj

qL>I rii-t II 6 jjk Oj-uxS liflj (J^jjuSII m~> II
^-J

r <~i*^ ill iNLi i a mj "ij j^jJ

(jjJI oLI nit II
Ljji>j Sjlil ,J| ^Lvji^l <jx (d^aJj 4-^o£)

f^-j-"
JS'i'm ' « '<

<Lifl^ia-aj 4<*o >**> ^jl ^la-i^ll 6jlll LgJ ^j^"' qj
Ly

jJI 4_SjjJaJL> J^lilu

.HvjC (Jj^Ji 4o*£) j^-iJI 4jus J<\-^j /lV £l*-i)ll t> fjjfj^ J£ u'

4 ft <t^i* II JjL^-j^I j^l ^jl^ (3^^-UJ ' ^3-^3^ eii *—'"* 'II li*
J-^j-'J

^1 jLiJI oljj (jl Lc£j .iujIj-JI 4^_^aJI Jjji. ilto ujjJjus

4CjljjJ1 Jj^-J <LxLa. J-C 1 flTsj-a. jjfcj-ill ^liLill <—J^^a. <_j_f-£*J JLLJI

6*AikLixLO j'C n i *^ 4 1 j nifl'i CjljjJI J^-uu^l ^-iitaJI * tli\ «ol fi >,m~*)) i_i^-Aj

i_>.) m"» j» jl^aivll ~ I 1 i /m~. ^jSJ iSj^nVxa CjLj-Jj^JIj oljjU 4_ijjljOI 4^j^Jl

'I" **« ! I -»^oj ,_yjJI ,_jJii 4 '"'1 uaa.^11 CjI^-jIjJI 6JJk Cjjl^ j <jL«-ll laJU.ia

(£) iSUaJI La '"j" .lia. ^ La i •• 1 ifij^Laj 4 ucal a II 4jj-uilll Jj-a 6^piLua

Sj^LkiJI J 4nj,,i ? ll (m) ^j^-uJI il^j (p) ij^) ^jJlj

r4Uj.,.tM iJjLaiL

2 4, 2

JJ">^"> iljLaJLl 6 j t» (jLfl jjSwiu <ljj5i L^J (jJJ-J c-j ii-~ill 4 o uua. jl .j^i \ j

£2 = p
2
c
2



f. f. p t P c

3J '*" '"^ U ^ SL^LiLa j-a^l jJij p = E/C ' ••' >) ajj n-> i jl

ulLlj £-<\3 (JoLjj'i!! lift J) Jj^ajj ,jl J^-n.a-ij . 4-oLaJI 4 .vi mi ill Jio i^g^=wl

(_g^5l 5JUJI Jjua. 4j wri'ill ^j^U'.llj <_ul <^^|| g^ijJI j^l^l of-*

tp = E/c c^uj f-Li^v))! o\ ^=\9 <csj^ ^-fi^j O^j)

l$J p^jAJI qI ^ 1^ jjl ciljj o-ujjI << Ill iljLuLI /)L> ''l"'^ "

'

(,j8 n~ill 4_ij Lxu-a Jjj'v mi 4

g-j i^ill lljlj^ (^jlj 4 ni O 'i (_^»lr> im'i il jj-^ c5«iJI ^9-* O-a-JI Ija (jl^J

4j^u "^H frjirill 4 n 1 <n^>. JLc SJ^jll «<jJJ^i» |»-tu^l j g la. i j .^-5 ifl^»

^LujjiuJUj J^^j j Gilbert Lewis ^j^^ ik*oljj) >
<

\Y"\

ICr. (£,111 (jxusLiJI ^LflJjjoj j-ajj^o Jjlj ^^laJI 4jLl (J-o l^j-^ """
f4j

iOLjjj>fl-IL) ^1 ftnn Lo 4 fl ifl~w ,j ajl fl'tf I (j N *\ ^ V <Lixu aja.j i jflj (jl^

i^il^j mi Q Hi j_o^il i Jlaj Aflj .jxxu^ll I jib ^Jfl il inLllI O-S^JI jLS cilj /jLi

p

4 5 Lfl -> JLc J,\-% II J^Sj *i! ^"LtA
Ly
jj_>ij J ^^?l iJ^ c5j^I

.Arthur Compton ^jiuijS ,^^1 ^LjjiJI 4t-.,.,l^j oLi^^AJI

i I -> "i II (j^o 4 I ml in 4jjL5 JjOj 1

1

Ji I ^> *i L> (jliJjufil^ 4 i*\ i^ol

Caj J^-ljiJI jjl J| J^a^lll Jl ^j^^iuJI <Jj-2-M oLjj^inc ifl^ tj

Lo J£!_au X 4jlxu! Cul^ lj[ US a a^tuib ^/^-a-i oloj^r^J jllj X 4j_dl

iijjiaJI — II iiL j\ — ^jj^J^I ikxul^j X 4-*_ii L^j

JcLxjjj (<J_^=>Jj 4-La^) La^-Jj ifllia (jjJ^J^ll i_i ii "i^ t illj^i^JI X 4jl^iI

4 io*s) I "**
-J)j

iiaUa i
a a >a 4 in a'i ^jjjiLlI Lol .^jLuJI ajLixuj ijjl^j

flojoaJ 4-LaAxgjJI ^/jl^flJI ^jjo Lftjl in-v (ji-QJ d a I" a a 4jjl^ >AC-Lxjjj

i4jjlo 4>_j^ JLc 4<j ^"11 j ij I 1 1 1 1 1 4,_j^ ^jLuaiJI I jji 4 i mi >j .CjI mini II



ilLa. (jj <KuAlL I

(3
111 CM ifljjiJL (d>a-J 4f*£) f-=*jl\ JL^j' iJ^JJ

L^j niYsl ^jiJI /iv jIaLoj glaJ^I jjjj ^Ju ^ylaij iiLUI Aii jLs jjjjiJI

j>< nifl'ill Jl (J_u3jjU <L^jjo^j 4 ft i in-t^ a i^ijJI J| "> ")j <jj^£J^!l

Jifcljlil jl i 9im"<
s I i_>j! aja ojy} nS^ Lojjtj

JL diau

(j P^j^Ji X 4 * ml jl SjSli jjo jjjrt£J^II jljjjlj i<L».jll JjJa oljrJ-*Jj

' jj)"i > <~i j-\jLL» jjl SjaUqJI n m3j ./iv L^ilLL .-.I * > J£_£

,\ —a. il 5JjuUd SjrLflJ 6J ui i J^isLj j^jj jl j-0 fA>N J-^) 4_Luj JJLJ

Jl i^UJI JLJI

4.^.j^aj (3 4 *' a i <aj 1 1 CjL=fcjJ>l 4 ij laj I (jalsLus^ n » II 4_i^Jaj

JU Lo£j .QJa.ua j5 e^.iAJJ 4_ir».^ll 4 » < J-C- (^.aIjJ-II J£ jl jjX-

(JjjLujI LojJi'^j <ejjiajj (^JLjiaj jLs idJjjja : \ *\ Y £ 4_ixij jjlj.mj.i l

.((iiiJaj-o 4Jajlj ^1 "ib ... 4j£.
(_r>£ ^

4j Oj^jiaJ t^jJI (_>uLtu*i!1
ij***' ijJalll (IajLa ijaj JsLajj^I JS-tii jij

ol j J^. r- ia i ^.ja'JI jl^j <4jJbJI ol^j-"JI (j j*£JI Kj'iKj

a

"il SjjJjJI oUI im"<^Ij jKi^ll ojl^j t4 m a"i cJjjJI j SjjjcLoj iilLi-o

^^la.j .SjjjjaJI tLijjiJI tljjJ L^jJ| <L».L»JI (ii->. ^.L^_=fcL_i ^iLi

j 4 ma") p La II j»o Ljjjjj _>jSI ^jjiuJI JjLi».l jl JjJ t 4^_ujLalA 4 i<-ifl II jjij

j>Oj4)Liil j»g 4aj>jJI 4jji»jSlI (j-A dJ jJ 4j jjil jjUl Jifcfj <j-a>ll dJj

ja^JI 4_ijiaj Cul^ j|j ^yla. tl Q mfl't j^lll K i'iK la t Sinj Jii 4j ml'itl

ol'iifiiAl I k_Sjrlct ji j£_l J .^-> l^Lcll £> j-ii> ^yTi* S dljj| Jvi ^J) U"> CjIaj

^^iij .tjj_>i; <Lmiij oi^l j Ms...... -jj" -"j< ^ruLjii (Peter Debye) ^Lijj
t
5_>iiiJl jJUJI

,



_>*jjJJ^l iiol (jfc !-!-> ill

4jl jr-C. .Ifl l*> »i jikjj ^ II CjljJ Lojic A-a.jll/jojm^ll ijj=Jj.ljl

.5jUU i^Ljjpll 4tjiUII cJl jjjii ^1 jj "i! P^uaU ip.ljjj'jll

LOUiS Jjj^ (_^J (JjjjjJ jji jj^u^i Jjixi *LajS ^Ij^fll (j-o mT^I Ijik ^ia

Jj ^ j Lu^-ajj .SjUI
(
3^- ij »_>jvaj <GLi Ujihi <G\ .de Broglie

0 P

"Jj (^JIjIj^JI iijJaj ^luujx jj-Q J^a.l_5$ _y£jjJ (j^-i 4jl ^ »j iUI I J^fl

o-s" Jj-a-a S^^-ill Cijl^ jJj . N \ Y ^ 4-Luj (Jj^jj SJjL* Jx. Ji<^i-> I oj

X 4 t.M.Lj (JAjljj 4 m pl'nrt^" CjJjj jii <j£jj <Laxfl L§J Li 4jLj

La J 'if. t \ ^ \ Y 4*> .n JjWI Jx. <t
]jjliaj^ JjL>_»1 Jx iftjLuj iL^ii 5Jli JlIo

5jSL» Jx JuaU ^Sfl W. H. Bragg g-l^? pjk»H ^l^jiJI JU

J Loo* il<Luill iajd :^ojJI idJj (j X 4,«.miI ^Ljjjifi ill* ^ (Jj^j

4jj_Laj ... n"\\\ jj£Jj iX 4jCuil ^X. ^/JLjiaj (jo jlj"l-fc*jl (JujJ

Sjii JjLiJ ^Jt JfJ^>J jL>jl U^J >->! «-U iril Jx 6jjill LgJ

CjL=».^o lJjJjjj 4 i
a
j*\ I a inl^a iLwaLj LgjL&JLxaj 4^>-jil / 4 m-v I I ^Ijjjl

4j cul^j <dU>.jll ajjkLiuo lo'tUdil^j (j^-of ^y^Jl i3j^J' Lj>.jrLLaj <3jLL1

4>J-i-l jj-Aj <Qo^)t^'lll (j^-ijLi^jjJI ^ifl'lAi .fl (J LaJ iii'i i_jLu< j),i«^.»5> t£J& $3j-«

4_>.j c^iJIj <*i^wa UujjJ bjljjjii (jl^ (^iil ^Maurice (j-j_»8 jjSMI

,jl jju Laoi Jjj^>j iS^ o^iJ^ J Li a5j t< al m'^'jl 11a ' <Gljln-^. jLij

CjI oj m-s II i>.jjjll CjI n mil 4fljfl->- 4jaaI» CjI mi j 111 I j 4j J^l ji (jjjjj^a

(jjjj^J jl^j .SjSLiJI 6 jl^ jjT j3 (jl^ ((.UjLlil 1^3^ f<mj CjU.j1Ij

JJ-"al Lojic <oijJI idJj (j «_>l^aJI (j bJjA.jy> Uaj)K-v-o Jjj^>J

\ • Y



_>j^iaj) 4jw>lajJI eLjjiJI Jii Jl (^ukaJI <j^j Sjrdu^ SjJai <^J$J o' (j^-al'

.4jniuS->1l ijJjJI {tl^o _>?"^ Xi^lllLj jjXj i(i>
w>IajJI eLjjiLlI

d )-•>
A"

a"i 6j^u'ill jjJLii j <NA^Y 4Jujj ^jjj jj

j

Jx. J ir>-» ^jJI (Ulc 4 vi nit 4ie j^l) a^il ^i>?" ^ <LaAi

p. p

l^A-oLc jjcj <j£J .j-oj^1I Ij^J \fil» 11 (^U^Lij'C mil Oa.1 40 </ijj ^LiJjju

iNMY iliu itoljj^ll eLijSLuixll <Loui~JI oxuu eLjjill 4lxuljJ Q> i-vfljl

Jalilll SjU.L Jjj^>j ^LS aij .JjSlI 4j1LxJI >_>j^JI amj NM^

pi t\\ uia II ^yjjjjaj 60a.j 4jl uu^l j| 4_» ^gjj'i m

Cxia^Z i^uijjiJI <LL*_LI (j ijLr\\\ 4AiaJa J^a- «La1c Cj^LLo JjiLj

j iLuftl 6j^J Ajjjk'^L Lk^la Comptes Rendus jai

j

pjj .\^Y£ JaLui/^jlj^i j Philosophical Magazine Sjamlall iL.il

j JLJI j Ijj Jaj_>J fjj ^\ ijSjJ Ijjl Sj\ i^all S_riuJI 6JA dj^J

JflT ji^j . 6 IjJJ^jU 4i)Uuj 4jJj^q < M _>j£l Sj^JJ-Q (j 6jl^-fll OJJJJ

(j 4JLu^JI Cj^siijj N^Y£ jjjliJI {jijiii j jyn&j^i (j jJj^jj^uJI (j 4jLaJLal

c^l^j .Annales de Physique eljjjUl j .N'VYo ilui JjIjI

^jSj j^I ^ lia.lj (Jx«uj ^J^J^ ^.i 1 i?u 4jLa>j1 "•l*-^ Sjj^a (j 4jLujJI

.(,2,j^JI oLlj^ic) oJJ^il*JI uj^ 1 Cy> iJUUI ja>ll j ^J^flJI j ioa.

LliljSJ ^liiijjl I <i^a, j"< ml OjCJJI ^jGjjLxiL 4jJLluj Jaj^j ,_JJ Ijj

E = hv, p = hv/c



iiUdl) plnjm-JI Jl

J| «(3 a"iTi » (^yjJt ^j^ajl i<^<"> II j Q IVij tjl in ill (J| ((cdj^aJi 4_lo£) j»^».jJlj

Sj-o — j'j^l j VJ^-^' J-^* UV. £-*' J -CA-^I Ji (j-lj^l) oLa-^il

4JI ml (J| L»^»-lj (jj^f 6' <<Lsu-ui^. jl i^>o Pj-uaJI — Jjill <Jlj

^ ri in" 4_iA^a 4 i i^iLa. ii^jLc i_i 1 InTi t(dJj^Jj 4 i ^^jJI

j jfl'ull <j* (jl£ jii ioljajjill Jx- JsJii ^^UTi *il i^ljjj^l 4.1* (jli

IjC i «ia <cjj)l mil 4'i in~» 4 nil -.1 * . ...^ jl CiLij^jl j^o CxSj

jij .SjHI J=Jj SjA-olLI iaUaJI oLijf> run Lfl_i J * ima ^yjJI ixijjjl iLijJaJI

4j i^L*. Lo 4jLi^J=ljj iilJj£ 4_^ii3 (ilol^) 4 ,r\

tj (iioK) 4AjAxa talSjl j<M<Wt ^pJI Sjj^oJI _>aIjJ:JI j|» :4aJL»jj

'JJ.c ^JLajj .ijjjjJJ 4_uL*JI jLuj^I Ji-ljli SiLLuxll tdt ^ cLj^l

j^a-c iLLujj LkjLstl j£-*o-> ^ cs^^' cy* «->lAjv^)" <j' Sjii iLJL=JI

((.^^ajl i n-t I I ijjj-U l'U,'^ t_fljuati3 (jl Aj *i! I
(j

~\ \ I nj m-w

^jj (J iA> ^yjJI CjLj AjjJI 4-Lal tw\\
{

jjti «4jJjjJJ 4j jl_»JI ^Luij^lj

»

(jl j^ ot I (j-o-fl J jtjill i-i_^->l (3 Oj) i^i 1 1 4ua.j^ (jl o*S II

^j^JI U ...j j~
j -j (j» j >" ^ ftLi^Jo 4_l£ (jj)*\ i (_jjj I uJI ' n ^jti i Jjj mfi

I. \ \"> n . a.^>'<
J" j > ...a ^jii^JI . a . ^ Q ml Ijjj d S>ia ^.LobU Ljjjjj

iijJ JjLSf i-i j-i jJl (j-0 Jx.*iil (((J < i i*J I» Ijjkj t> Lheallll O^JJJ 4 niO'l J'C miIL

L^J^ali > _9 » tr> ia.^ail J^ais jJjJ JjSlI 5JL»JI jj JJ^jJI (j-o <<Loju tjx.1

(J
<m^*< v t (j I ,j^j .iiilUI iJLJI j

£-o (3^jj (_pJI (_j-& 4 \\ » 1 1 oIjjjaJI oIj i oU.jll (jr-i * >j .(Ijiiij <

£

Sjlll j CjLjjJ^J^II Ifljfl J^L^ iLi^UI 4fljfl-.ll j dJj 4_yiuj

^ • i



(_£jJi-Jj i&jjJI Jj)-a- «jIao» J^-i ,jx 4 mfl'l Jx
(_s

-^ijl >A3 J.'"*"' Jj*i-"">

iLlllll 4j1>UI

tl
(j

ni a') J-^l.i" ... bjj'jl ^Ii*Ni""i hij <GjIj (jjj^i (jJ <Ls-^ll (jLi ijj^jll

Ll& aLl^jji, ^jjl jjjJI jl Vi in ibj-Ljj ill iiio"> (j I 4_iaJI <_>uljJ Xi

J£ iJjLSj - iSjill ij isLLJI c^b». ialjS ciij j^uiLi ,J$i .4 ^ lb

Jx SilAC <LojL2 pi I I mm Jj-oj) 9 ^/JC-Q JJ_jJ 4J (jjjy^JI 4j>.^0 (J^jj 4-lb*

Sjjj^aJl — Sjjil iubj^iJI jjj^aJI J£ Jj-oj i4 a j,S,-» 11 ij — jj>j Sjj

jv'vll jdLaJ J-iAil jXfrfl SJjLa-o ij Cj*A£-Luj Lfl 1 t4,5jfl~Jl ,2>t SjJ-*-j

jl ^^LSl j tpl fi i Mi-t 11 4iilj-o bjjl Jx ob*.j>il (j j^-ij Jj

(L^j 2 la '"j 1 1 <b».j>LI Iflfl >jia La>Jj>£j iLiiaJI ij (jjj^iJI JiLo 5-etx^ua.

j " (_£jJI ' CJ LaJ 1 illjl^uj I 5 »
0 >j 1 I . >-> a" I . \j LfiLuaj ^e-bvj)

(jj) i~i.Ti.cil, I i_iafl ylij) toLa-iuiaJlj ob»»j)J.l ("j-o !_>jLa-j (jL&jiJI

^I^LS^I Ijij-tiaj <J -\ (j i$J <4_uoLijJIj Jjjj^ ilLuj Ij i^i-^i (jj^Jl

^yla^o bjJ (jj)_^J^JI J!Lo 4,<a-> iiu». Jjil_)J 4^j_iLiill ola>j>II (jLi

J| Jjjj^ij^ll (j's nil (j-o Ojfi > <jl ^ ^ 4jLi i_>La.l iSjLil olavjj-o < <imC)

iSjjjJj 5j )L<aJI oIjjJ^J'jII ^1 1 mi 'j ^ d U j 3 ,j 1 L 1 1 pljj^l ,nll

(_>u-JJ ^jj) 3 i~,ijl Jj-Ci 4_ajl^'-^ J'SLi. g-j) i<^> II JJ i "•» LoLaj 4-1j ^> "l 1 1 ajji 4 i in"j)

^LliljL 6AcLilll CiljjJl (ju pljya o 11 JaAJ Jjl Jx i(j\Jjl ^/lLZu Jj,-^ <^

'j'^ j " 1 4-1 1 aK 11 4_lS Lqj 4 fl ' K^jjO i"ill» (j-o 4 l-^*' a SjJ)JlJ1

^la. j| g-j) iA>1L 4jjLLo S^A-i-ua ol-awj-o Jlj)ial) JJjrUl ijJLfc oLjjjr^-l^!l

.(X 4 * miLj



j^jjj^LU <da£ ^jC tti -t il l

2«-oO-i 4j| Oj-w ,ji-t jj ^jjl 3-a.^il J^Jo |Jaj Jjj_>j <^J

I j^. 4 Uj uiaJI ifl*iLaJI J.C Jul-fc <«Ji^ill pi aJ ug I jj
I

"i in \j I

|_f
lJjljLa

^ jjJUL J^jk ii^L: jl if^-j <Ja5 ^ LlLU ^1 tp = hv/c

Li.^11 J^Jo v_j 3^piLja 5JlL ^1 tpA = h ^^Ixj dJj jLi <A = c/v

^11* (dljJVJ 4_i_o£) j»^J>JI (j

L$J (jiJI oLijJ\£J^!l vlllj Jjajj «ja£I ^ a > ma II (ud^aJl ij-a^) jl£

iflj^Jlil CjI /ij n\y II _>J^I < jr; it in (dljjij 4_la£)
f"^3 J^-^J Sjh i i<-» <*Jj^

(_f
lll oLa-^il jl iJajuiJLi e^nMI iJLs. (j La£j . «oLkjlLj I > .» » L^aSj

j».ual i_i a.*! <j-« i^>.^il Oj^C- I jl Jaii Jjj-JI _£jLi j j )r\\ ijJ^jJI giJaoi J-C

IjrjJLua t-liij ^jJiJLj viilj ,jLi CjL\jJ\£J^|1 £>L».jl 4 i m'JLj ( L$JaJo ^
.Opjjidl j CjIjoJI C£-i CjI>sJJI ^jLSj <j-5IjJI J 1^

Lajt; ' i' fl"» (ji-a-J
Lf

li\ oLjjLiJI <jl Jjj^j 4 ia l « J "J jjli Lo Lai

CiftiiK*! ml LaJuC CiJaA.jj jjj Oljjy\^J ^1 1 >j -- JjJjaj nj La JjAil

jjLjLjjji oii . > «\U ilu, jl* 0U5JJI jLli.^ oL>jj£J)]l <> IxJi]

jijLiu 4lyjjj Clinton Davisson jj.MjSb jj'^K Ua ^LS^J

oljaj^J-iU Jj^iII JaluJI loa. Charles Kunsman ^L,..'^

<jK ^jJI oS^Jl j WT <> S YY ^,11^ pUSI ol^aJJI ^Ul

pI^L VJ UJiJI jail Jjj^j JjU oij .6jKil

J^ujl tLoSlI ftjA jj .dJj JSLj "JjkLa- «Li.jj>-^J^J|)) 4j,^^iJ jLpiJ

j> 4^ui\ Paul Langevin c^jlsJ'J J^j Jjj_>j ilLu Jx. ^iil

iL=. j>?^s j> 1^5$ jj^l .sU-UaU «L^fi ^jJI ^hAnT Jl iUu^l

o2j .4,j5j5.7i. ojSj jl jj "J SjLil ciLa.j^ jl jiflj <LfjLuu jl Sja-aLj

j-c jk oSj James Franck dit

>

.«!^Jjlil ^rullJl Jj^-j JjloJIj ^ujl jiJ» :*iLjL5 jj uiiilj v_j^LaJ

.Op. cit. .Jammer *



Walter Elsasser jn-LuLJt ^Jlj aSj .Lfr-maj oLjj^J^I 4»_>;U

JjJj i>^YO 4_L*o (jla.J .LoU. jjj^iitj .a^-Ij Jjo? "

f4j <J&\ (_>"fJ 4-^4^0 Sjii oll=> ijjLa oLa.j^> J>>-j Sjii jjLi

4 lr< ml^gj O Ljjj-^J I ola^ jl i~i ~v*j 4 ~> II 1 6jjj^AJLi qJ m t

j
"i II jJLxuj

Erwin Schrodinger j^jj^pi Loalc ^1 jjj-J1 i_>jUJ>

<jl^ Jjj^j jjl CiJJ <\^YV 4lou -^"ill jLi-jl ^» Lojicj -Uy^

Lester Germer ja^h?- J* hmI jjj> jj-x^- Jj-Oj mjjl * »\^YV 4\ ,,

AOaaIIj (^j-tuajJo .g .£ d^l) <jj-*"*>l» «5,.\-\"iU C>Lji!jJl j

l^ie-H j o'Iaaj li£ ^MJI Alexander Reid jjj jqiwSJl oUj^l j

IjjJLLa Jjir>->,ll (3 4"n^1j-fl Jjj i.Mftlj Cj^-A Aflj .Sji J-w 4j\fl"> ^ujaj mo

(jjauA^ia j-o pLjjiiLlI j \ ^TV iluj Jj^i SjjLa-
p
nMfllj JfJ^I Jx.

Loj Iflfijfljj ^jj-tuLuJI oLjLcu^. JaEjj |J 4j^| dJJjj 4.131 mil 4lioljJ (jt

L^_i yj-uj ^jpiM&lj <4jljIj 4j A. .jl' iUa^aklo ililj LjuJajuj .^^a cim

SjjLa. J-C 4AjI J i^t-t. i_flj*C 4 miuj J(j mi

Jx. Ua^ ^S!) ^bi a5j .oUj* oLij/iJ)!! J c^l <^S! Jj^

oUjj^J^llj >CjI qj ma. oLjjjr^J^lli lijrGj^jLaJI JjIfl^luM Lil^j i^jljj^a



I -> II fl I t 4 1 -^J-C ^LllL) 1.1
1" O J * /

>jJJ~J '"'^J _9_A-!I liJJj

v t>> iLuLu *I>?>L> Tony Klein <^jil£ ^li a5j

Jjj^aLo 4j»_oLi. (j ^^^iuJI (jj-SJI Cjlj'n'tLoj^a ,-.1 >*< 1 ... (j 4J_ia^JI

f-J £jL^_all O-ujjI
(_j

jJI 4 l£ I Mi^*S II ^"11 jA< . I

fl

.a IjjLtl

p i •» m' *i!j-> CjLjj^^AjJI ^ya ^La-iIi jilJaj h>L) (j£J j'nf- £_luLjl1I jjiJI j

^-oUI £-a 4 tjlatill

(j^S-o jjl ^jJfc ui> La J^J ,-.1 n > ...^ llj ot-^ai.1 J^o La J-a. d a .5.. II j

j£J
l
^lill '^lo iguj^jjl 5j£ J IsjLLII J-C

.iajiJI ilo^e L$-il £_o </?A = 4i"bL*JJ UL" dJLuk ii^ail i^JI oJljLa

4 ftj m-^ II 4 n uAj <La,inH Cjj -t. Als* SjoLusJI &\ wn^jl ^vllc j Lai

,^,1 (j^-oJ ljjJI iii^UL "il pLJu'ijl JjLfl tJ-iljJI j Lj mil 4-LAJ1&I

4^j|j Jj ~> n ^jai\ (jouJj .4_tA_ajJI ">l >~» II ^jjlc (j Lxjj-i^i. I q^j

.^1 (.^ »oljjJI Jlo Jim*

iij^^ c_a53II Arthur Eddington qj)">->'»jjl J^J <_^iJ

The Nature of the Physical ^LjjlIII ^JU.11
"«

:
,U j is^lj

J^. 4 ^, m'> (j^-oj jj-usj :JL5 jot <UY1 <j m jj-jilLI world

J-c J-u^a. (^Dl James Chadwick cLjjLij lJn<ua. iL^l^j \ ii^ u;i 5^ Jj( <ut ^Li^ ^jjl
*

."VV\ i^iua > *\ AY ^ai.,,, T jjt .(New Scientist)

\ -A



La (j SjjJI 4_i iJa i<r> <jl j La J-iAil Lai «.^,jy\£J^!l

4") > irto 4_jj IVi
1

^ jlu "iJ dUj)) ^1 l^Vj jijj «.4
Ifl

't La J-QJU Jjfl 7> o

JL

The slithy toves

Did gyre and gimbal in the wabe*

lj oLjjy\£J^!l 4 U a" ^jjl La ~ 1 « j "}J Lijl £_a ft j jll ^1 ^^lC

jSLaj jljcl 4 a uaj iiLiaLi ^La> oLjjJ\£J^JI J>it >—3j-»j I'i'i's I <oljjJI

jjJjJ i3-l3-uJ i_L!j (_ylJI tilJj (j^o 4_ijLcj)> :4 irtU II SjJjjJI jLij

La£ i jh i"i > *}! LjjIj J;l^J JJJlJI ^-fl_>£ Ijjj liijia * I 4 la U.I ajji

p p p

^"s o.i f-LlJ>-iiJ! « /! >nl (jLfl t4 > mi ^j* ^a ^p^^ '*' a ^jj""^ 'I ^Lil

SjjLflJ! jj) i ri t I ^a |Jj <(J
jjlJ,l (jjj .«S_jjjj» J^y^a Jl I (j'o-^jj

Jx. ^ylJI CjIjUl JjC LliL&jl (j w II jilj^l £-o 4-LuaJI t'»« Ua
|j| ioolajJI

^ i ii^ i4JLiSJ C)l in ni-v ill Jx. ^yjJ I CjLjjyliJ^JIj 4_iixp3 CjIj^ mi

^ylJt (jj^'vl^ll ^^j^ajl i r"i -i. (_£,Ask.L> La La i j^ill ^yu J I II 4 U qjl^aj I -> ir^lj

«4j4s-j» J^ttliu J^-tu (^Lj 4_lou Lflj^Jj tSpin ((ijjjjill J^jj^JI)) <i i in

. p p fr — p

L^iljjJ *^LL3 1 Uj^a J^a. oA/^ ubj J j' 'ifJj^l U^^J JLiU^ 1

.(JJJ-OxuJI JN_J^

l-ij hi Jl j^aj ^aj Jjii ^jJI — t^J^JI >. fljKH (j jLiJ^I n 1 1^"<_>

j

j^i. (^1 "i! CajL^ ' LlLJI iaj 1-1-%
f.\

mfljl — a

j

A_i.ui,j (j

-^l.^i . a
(J-Q t-—

jjX^ 1 4*-i^l 5"v.o Ja^aJa^ a JX. Jl 4 o mfl in

juj t_ajisJI Jajl-i-^ jat ^Ls '^>i-l 4JL* JJ iiLLU ilL* JUli^l

j% I ni Jx. Sjj^ail r/.-.ljU-^ II), jj£. ;SjjJI ^ Sj^^^all iaUsJI o^lLa. jat



ljJjLa.j i tijm^ jjj^fj^ll jl jj.-l c Uj j^Jljf u^^3^-" Lajic

,4-i^ajJI aLiJiJl ^aJLc. j-a ii^JUl j^a"i!l J^JjJU 4 in'vll j^j^jL-oiJI y\ infl"

aLfiLlc^jl jl^j ij_aJ ^Jj-^i (JjtiJL d-Lcuiilo jl»l£."iil iOA j^i 4j*ili Ctil^

L$J Jjjj ^1 jjj^JbU (5jljJI (^J>5^ itoS) jX^jJI 1^,1

J^Laj jl j-iijJI jjjlII jjt jl^j ,.iaL*j1j 'jlji! Ji^j (ajla-o j

a.UH UjU^ j mi 1 1 j\ U .V.^ll ^ ,,,a"\l

jjIjJI 0 n's II jjjlII Sj's a
j

^oLiJI J^Uul "iLi^ia jjo}|! i3j*"w "J f4i

kill J £ylll j^i Jjl jl£ I j ^ n*S It JJjlJI Jjt^_j Lajj 1Ja nil J! jl JjC.1

jjJ* o 1^ (5^1 ujLAII ^LjjiJI Ralph Kronig jg^jjS -illj

£J"L*' 4jjsL>. (j aljj"i<
s \ll <lu,ljj j^ 4jL$Ijl jjj

Sjji! ^mULiill JLa-oJJ <Ljjlj-o jj£j jl La| 4-ulj 4_Jj>j_a (Jjj^JbU

aLa.li.aUj t.(h/27T) . >UII Sa^-^Ji Luaj aLaJ^il Ijjk jn^f jl

jlj^> j jj J-i ^jJI ^jj^J^II (jl La^j ^ ''II 4jjh'>ll jUal j iAj-^u^JI

d j i njl^illxajj o's I I *L>jtVill Uu3 IjiLioLo (jjij "ill <o >» al^olll iSs
y>-

Ijflj run (jjij "ill «uaJ» ^3-*-° j uJJ^)" ulr* *^J<^ liiSjau^JI

h/2n 4-»-uiL«/5l1 S^^JI Ulj °T1' 4XsLU! S^UI j d ^USII _Lu^ LljJ^i j^c- >a Ioa 2tt t



Jj^usj George Uhlenbeck du'iJjl ^jj^- <> J£ t> U" 1

^'
1 &_£*JI

aSj tjjJ <J o^l^vll tLjjiiJI ,t(|u ^ Samuel Goudsmit ,,r»j<w»j&a.

£1lu Die Naturwissenschaften ixillSM iLJ.1 J ^l^i^l 1^
.N'WT, iiw Nature jvil^ ILa-o jj A\Yo

2 - - - - i>

J,jLi ^jj^al N^Y'V jl/jjjjjLo Jj-Lai " fl-JaJt Jaj jUa-aul 4 K i"i t\

Ijl
<?(Spin) 4^j^JI ^rt.nll Cj^LlI La jZJ .L}j Unfln 4 n.fl)

-k£JI j»_ijiLa-o 4-lLi Jj-o 4JlLa ji^iil JjLfl <4_>jL«JI 4 jjJLi Lij-< p" CjJjLs.

Lc£ ... hnffIL) ^lo

(jxilj Jlo Q ...u.l (Jj^U'iU iJjJLLI 4^j^JI ,jl (4jJ| JxssS ^jJI ^jil JJ

lijljjjl 4 Uj'i Jl JjJ>jJ LiJjJLo jjAj ^jl Jj *i (jjJ^J^I JilaJ!

jjj *? JLui IjJjyio <jl (JjjjR^J'ill 4j».jJ. <j£-oj ^-SjS S>oj

jjl Ja^olJI
l
jx N^VY 4j_uJ j^J (ji-OJ La Ji'lC Li^^"1 Sjl 1 m (3 J-^l (j^-1

5 j-<t> ^fljal .^toJaL\AA Jl ~ " 4 lg» ml oljjJvfiJ'^l 4-»_ajl Jj-a

LajU-^ jLLAit Ljlc: glij ^jlll dJt Jlo ii*£JI O'liJ-liJI j k\ju*>lL}\

5^>aJI) «Spin

iiL .-'S .^.1 |j| tl^cl (jSl! ,j»£JI f-Ljj^i ,j 4j*v i.iiS'sll CjU. lU.^tl

LiT^-i-ij 4JjL^a tlLic Lai ii_fljJLo j\£. jLixu (j O^-la 3j_ftJLo 4^K

Lo ^ (j
qj ^>Ls '^Lj-U UL». J5l coynl I j| Lo L^J[ ^^111 |" SpjiiJL)

.((j^q^I L^j j i""^ ^jJjjji)
(

jjJl d 5 ij un 3 j 1 1 oi 0 mil 1 4 a \5 ^ II (3

^ ^ >



jliil (_jjJI _>-q*)!I <<LoL*JI i)^ul]l /jx. N \ \ \ ^Ljj (J S^viil » ^y^jlj

iltu £joisj-LI IIa j>c Review J-aLi JLLo 4_ib£ <Uj m Lg_ii al<

jjjj .^aluJI ^ "~ 1 1 (3 1 ajDj (j->y " *-i J^l^aJi -II Ull 4_*_iulj 4_ilLc

<j lj%~>ll (_jjJI oJ3^ <ljJJ-i ^l^^l JLiil li& UJJi (_>"^Lo jjjj-a

Werner gy^jjUi jjo^JI ajc.1 mna iJjLi .iSi ^ >sLi>

*.^JI 5j>laj j ^j^^ Uj J >->aJj 'Heisenberg

p

f- p

J-- 'I jljcl 4jljj1 J^kj 4a ifl-fc ujI N^To 2\ .„
t
jS-aj jii

^jj^J)II ^iLuAj Ca^-jjJ^I <JLa- o^e Sjj j o^jLxil jj^I iS^l

^ryl IjLa i^JI j\lm (j 4iLkJI ia.Lla ilLa. ^jl j LnjjJa Ji->.^aJI

jj; i^JUJI ^ J^l Jl jia — ^Ij^JL Lojj — Jjja^J^I liii

^ .dJj tLiil ^Lxji^ll ^ j^"lj^ lLzlo ija^Jjl 5JLJI Jl IjjU t—. 5 /.m

ijij^l CiljjJI (j ^Jjj <«Lajh*itl £)j^J oLijjA^J^II t>a J-ijil iflLal jjt



ft ft

lap ^ 4 [^J1oj^ iaLk JMI j^LiJI Jl

(_^jjjJI Jj^iaJI «-Ujj j^j j»U iSjjUl aj^Jj dj^Aj <JllJI k_fl"iLiJI «-J*> <j

j5j <<Lm£JI jlocSlI Sis j^j iilcl jj-o kj^tx. J£ Jj^JJ

joc ^j^SJ'ilJ ^jIjJI ^^11 iiLoL <j! UTo ilui JjL

(jUJ ii^JI jU&J iilLLil dial I jjc JjUj j objj£J)!l

t-l'in m^il l>Axo |>^luLs ^Sll lij^JUi ^ i i«-il La £Lu=> jij n_fl*bL»JI ^ fi~>*l"i

^ 4~.ili.Sll I4J igh^j ^^IJI iajjJaJJ wnlL IjjjJ lji*a <iwiiJI jlotSlI

."lij Cjjl^l LaK CjIjjJI

^-Q CjLiJj^iijJI 4_>Lflj j "ill 6 J-l JJiJI S-Lj-iiJI ^| I nfr* j^iljJj ^Jj i£fll_aJI

ij-ojil ^Li 1 > *\ Y~\ < N *\ Y 0 ^ii iii (3 s-Ltjjflir^l^j jl jj^j ^jJI

p ft .
^ ft ft s-

jJL jplj 4J ^uLx.1
^jq a ^ t4 5jS-> II ^| 4'i*s 1 iLiI j->.l .z,i I or- 1 ai frl "A" 1 1

1*^1

JjLqj

Ul .Ij&bj (5/2)ft <(3/2)ft <(l/2)ft - i;,^,^ Ijjc . (^jxu.)

i^a p\t LgJ jl
(
Cj jiJ I Jj-o) SjlLi 4jJji^ LgJ

(

_jujJ ^ylJI CjI oj ni^> II

4inn LoLo3 ^"1"^ a iflj^Jaj .Jl mm L^jU ()j*Vfta 3ft <2ft .ft.) 4^ j-> jljcl

CjI aj^ II LgJ - ^^iJI acl^flJI ^a-tujj .Jc\ja1\ ^ 4 a I* A. ^ ils ciij ^

Fermi-Dirac) dl^jj-^jjJ t-l i^->L> ^ jat » i.^'i «(^u)))_JI olj

L$J| bLua^: ^jUJI dl_>jj J^jj j^e^j' uJ^i Jlc .(Statistics

.Fermions «>^Y"\ .UYo lL5Il^



jj=kjjjj^i 4JaJ )jC ..ti "^'11

<4-n j-t ir> I jl JX.I Cg."" II Cjlj CjI miTi II LgJ ^» i^-">~ ^yjJI JX.Ijill ^nin'ij

^jill >ll .-i^ J-c (Bose-Einstein) ^LLiiif-j^j ^L^L

.BOSOnS CjLjjj^j ^ ^ I
fl
mil pi o < ut^ II Lai 'Lg-iJI

J£ Jlo ^"Wo— N<\Vi 4^«ij cjiaJI ij tjjUiSgj I-jjj *\ in-J

S^j^Jlj 'UJ^°J^ SjJilJaj 'JjJ^>J t?J vTjL?->a J^=. OjI^ ^1 Sjli>)ll

j ^LLiiA ^yJi*]! oLl^l >J uj^^ Mj*11

t (,Jjl'w7mSl ^oUII (> iajJag 4jlJ=l3 >J jJ&I^JI j) p£JI

Aj^WjKj'I jKjftl j-o iiclSJI 4juJa£JI ^ -a\ CjiaJI J JIqj ^yij

IjjU i^x.j A*U iiuj l'<K j Satyendra Bose IjjipLu Jj

JLacI oij <5jji=JI l£j ixaU. ,j >*\Yi iiu, pLjJ^I j Reader

AcIjjB 4jLfl^ ^ J-xJ l^jj-a (jl^J iJ-XJ J I \ tjA_a-mj j^JJ jJjLj-iiXilj dlj^L

*5jjJa. iLiji^j jj^uSlI ^ II J^ili ^* t •>"...! j Ijj jii IjJ tdlj'bL (2>>iLi

^ . — " d 1~*C *J_> CjI a 1 --^ (j a i
' (j^ajLSJ I * la i '• la I uj J J

Jj^aJ

<Jjj I -> Lj Ci-s ill Ijji
(j-a 4 ~v uu JLjjjLj j*Lij t^l i^-fc^il (j-a (jjsLa. £\£jJ

il^o Zeitschrift Fiir Physik J ^piiiil L^ajij 4ji Jlaj ^LliiJ Jl

LkLj| \^2jua — (j i^ill llilj^ jiLiisj kiU'jLj ^jjli Lajj mlj 4j*sj .ii*^l£JI

4jLi t4_pl in-fc^il jjJqJI j-q — jfl irill (_^jLujj 4Jj^ olj 4j i m's pi aj iii-v

.LaLa3 L*jj^j 4jS^o.^JI L^iiJLu fkSJI <J>laj ijLgjJI j jJa5 j3 (jj^J

.Quantum gas jLt 4jl j^. ^L«^.)ll j-« J-oLsuJI ,jCaj jSlI jioj

.CjLa.jll JJjj (_H->Jj CjI n 1 uia II jl JX.I j-o J-oLjljj 4 n,.W"> mil g-l i^i-t.^ilj

4 u^ilj^i*i!l ilLJI J^.
d a , Uj tJJ j ^y, jjol ^1 LAa>^|l I la, jj-iLLilil j^ala

^ i/Vtl jij -Ij a*' JX.Ij-fl-LI ^ lAaJS (_yjJI — JjLuj jl jLc. — CjljjJI ^-AaJLl

4^Jj tia^jJLlI 5jl_>a. ia.jj ,J 4jfljfla,JI Cjljlill |*J^L» "i! *-l^^l 6dA J

^ ^ i



Superfluid JjUJI ^SLaU SjLAJI a^L^J) J^LLLlJ LaLa3 ^JLo

(jJj i in 4^.jJ TVV— (JJail jfl «
«—h 1 1 »_i__)js J_£-a (JjLui jjfcj t^Lj ))

.^jj^juaJI JJj»JI uidLOJ Cilj aLdjii! 4^>aJI 'jJ'^^J lilU. ^1 jj

^Jj Jjij <ol>»-ui Sj£. jla Spike Milligan ^La_jJLo JjLuu ^jj^jSJI

^iUslj «.^l j^ljUl

J^>lj (JS dl_j^Jj tl (]..>.lr. «U».jrt_sl La 4X.12JI Ciifij m.^'n'jjj j"y> JjSLajt ^yj^.

^£ jx]\ SJLus ijl^j j SJUJI jtLSlI ^Jlall pL&l Jl

Ji uu J^i J£ m II 4*1 in -t 4_s_i_LJI pljij\njAjbJI lilaLuj Jj-o LoLoj Ijjfe

Jxail ^ya Itjj -iclill J ,i rnl iiiljjj (So^lj 4xo£ 4JL».) a^lj jjlLo n

.£jLkJI Jl j»j ^

_

roiil 4 \ ml-^ > «iijiijSll ilLaJI» OcUil

^^yiuiuall 0*iLia. (^J^l j <JJ?- L° <4x.LSJI (j d)Jj>. La (j^i^C. Jxa

"^1 aJj.i isjg jcliil Bruce Springsteen c^^jy^ o»jj^

«^^r^iil ijjii.j jx-LLLI ^ Jj*iJI . 4.r»ll ^ SjaJLuo ii.^i dJLlA 4jl

jJj » if^JsJLa ij| Jj >_SjjLj is^iJI olajj ^^uil pI^loI Cu-flJal LoJo^j

4 > A,Lal Ij^OlaJlj a-AJcLLa ^ II ^JJjl Bom tO Run ((^gj-vjl

OjJ uJ J Ifl
inoj ((iSLlcJI <JUk.» ^ «c»l o > m-> ll» oj-m ~> M i^^uJLI

l^iji, ^ i^i-s") olj_j-i-a_/-flJLfi totijj^ajjlj oL\a-»-aj^aJI Cfl-* 3j^^ IjAj

.aj |»
i-^A." ^Ls CjLjjj^ajJI Lai ^ "'Nl

oLjjJ^J^I — I fljlf- Lij^aAj ^pjl k4jjLII)) CjLo-l*ia=JI ^-"^J

< a l">
<\ -i^aj ^ i c-\

\~\~\ m'jl Ijj^ CJJ'Mj •tjl-ijJ-a^A^ — olj^ajj^JLj



4 \ Lj J^-llT^I tut II ^j^jll Loj iO Lj^j^iJ I J!La t^l i ml oLo i mi.
L
_j-$-s

SfJj>Ai.l L$3l$^j c^jjJ^fjj CjyjJj^ jLr. (jj^ 4He j-a 5jj J£ <Ji

oLjjjjjJI 2;Ijj| o^fj '<jj^-ll j ^j'jjj^-l')'-' J^-JI jaaJI SjLj ti^aj

(2)_>ill olj'tjiLaj jj) lA'i a Jjjo Laj"iLa_j lliLuaj IjftlVtn jJ_u J£ (jl J

laii ixJLlI Jx. ^jfLa-LJI <jl£ .Jlcj^l J"iL=». J-ioiua Jj^* (^fl*""

(£.111 jjOoJI Jf?JI o-a ilaa.lj tljjliol lac I a is 4dJj jj_s ^Ij-uj

l^il£ djjj d ::V, Ujjj <JjSll iJLL»Jl V>aJI .!*-> ^aixJI Oa^Jl fJL. Ji.J

j» > *\ Y i ii-m (3j^a-> <_>i£Lo ,3k. jij .SojJoJI jliilJJ jjjj^aLa.

LflliJJLl! <Ls£_lxu^L£JI (>jl^aiJI >Q Jl j^l" " ^pJI iij^kJI J^a. 5i>J^ j

4j-lu jj) ni'l 1

1

j SjjjJI ii^Jalll 4-jlYs (J^j tijjjJI ^j^-lM II j^uAj ^"i-i.



^ -''H ... 4jjJajJI» :^bLjLa <4_uiaj ^LjlJI j^o jjj^l j-iij-> ii >aj "j "

^

5j-o OjLa 4 la alii 6la> oLjjiJI)) :*bLiUa ^Yo jLI/jjLo ^ g^i^J

J^o^. ^ j I
' a I '^"^ d ... o > j^aj ^ ^ Y 0 j»Lc-

(J
J

I

a 'J
«.4_tu^ta-o (_5^>-^-l

^ *\ Y"\ ^Ijjjja. / jjjjj ^jj -SjjJJ 4_=». jjjij C-jl ^jjJI 6JjJaJI J^l nil!

SJ^Igj » -~ U <djj\l ^jJI — Wilhelm Wien ^li ~ 1

g jj

i^JI ,-ilrl Usrsll j 2-^ jljtSlI i
°l uajlj d^j^ jljtSlI Jj^j))

^j^J Lol tHenri Poincare ^j^jl^j <£ji£> ^>^-\ ^Yo

^ l^jl^i <uj^j <j^Ij AujIj 'j^j '<lx>LU^a «£j '^^j Lorentz
«- p p

p - /

jjfi Q-^**' *n il LLo-iiaJtJ I ^jLj * uaa dJI Cul^ ^^Y0 41jujj . (j
"

^
ff

Lgii.jl ^ -j-^ mUj ^ijI 3>UJI OjLua .j^^l Lgiia-i ^J^=' (*S-JI

p p p p # p

jSj «.^ujIjJ1 ^jLcu)!l <£.Ls_i J| jilsl til ... tdlj i_U5l jj ^ ... Lcul

J-6, ^.J-^^' J^J 6ft """''j
I Cjjj Jj^b j's>=^" j^Lcul

*

>tJ->^ JMJLil 5Lij *4jJU (]_>\J*^Lj^J (JJJUOil.



jjaJlJjjvii <U^S {jC t\l ill

N^To iiu, iiljj j j-iis^JI Max Jammer ^y^Lo ..a.^jj

ftLj^J-fl-ll n.Ll jl p*S II ftLjjfi (j 4 K u.i.0 J£ Ja. ,^0 Jj «<LjLixc».

<iola^ 4.>^J1 jljC^I

SiAixLo uikj 1 0 I .Lfljljj 4 .aU\* ,Ljjl j Siiluia ^< II ii^taj

U->& lj' i-i^f. "ilj .jjia. *iL> 4 \ \-\ f. <2_u Jjj6 4 i*s > m^l^JI s-Lij-iiJI J^.

ft^aJl 4_iLi^ <n\ \ <jl Jji CjI hi jJja ^ya Jj 4jl JflAtj

Jlj3 ^ p^JI iiljj j 4jl_>iJI j-AAjj .4jjaJI frLjJfiJI j JJrJLl ^HJI

jO lVi jxJ iWK 0 4 » m ill (j.nlll ^Ll j j <»1 4 « io i .Hit tSjfl'unn

^1'ilfl'i inn jtliol^ (jLij^Jcu <Jj ^j-olaJI ol&jl ^11 S^lj 4j^Jcu

.(jlUjfl lain

j

. \U isJu* .fill t£ul£J. ^j^ill _,^=iJI



JjSlI oj^^I j^a-^fJ 0 J Wiirzburg ^jyuZjj* <j ^jojjU Jj

dJj j pLj^I jIjj ±J\ -Arnold Sommerfeld jLij^j^

1
_>^.n-»-jl .Sjjil j^j ^j^aj jjjJoj (3 ^— (j£- l^jLi-o jl^ ^jjJI <CiijJI

*—fll /ill's I 4 nfl 4,t,">,»<'. ^Lol ^ '^*33 4_l_)Jaj Jjl_i_ll (_j Oj-JiLuj ^ j^jjjLfl)

^Ijjl Jl <-ijUII JajJai. j oljUam'tjl ,_><=>-*-> ^t-uiAj 4j-a£

J£ j\ mfl" j£-al I (J-o ii^AC^xuil (Jjj^iC. (j 4jLa.^|l J-C jij .oLuljj jl

uJLLJI IdA > 8 < mYs I jiJ ti^p^ua JiLcul 4j/i£ jljcl 4j^o^Lcaj J^iuJI

jLi^oj-uj i-fl/uillj ap^LoJ j! "ill «4K h\e\\ JjiaJI l-winl p^jJI ^LiJI

( * c

k_>LuJI _'H !— II -.I*. ^Lj Ijjj "i» OJaOC <s.\*>r . ~v .yJI 4^JI

(jl pl^rV^JI (lA-» '

°J
^
" ^ jl n "l »l <jl^_J (JL^JI (3 Cj.S* \~\ ml JjB

^Lj^I Ji-jiJ ^jUI ^iflj jS o^jLjlLI j ia^-^oJI jljcSlI cJLuail j»UJ|

4j mLJSlI JclyLJI J-C ^Afl , js ^JJj j^J| , 4"i .nil ^ dj^-Sllj jlajSllj

.Iki. Jfc fflVsl

4U^j 5j£aJI (j^iiiJ Alfred Lande



Caj-oj fij -K"JfJ -^U?J ~<_r°-£-*
eLua^.)f (ij^Jiij

•> Y J> V <> J Y Jl \ <> JUSttl Jl. UU: ^ijilS <\/Y Jl o/Y

S_£i JLa-jl i_i^ Jr. Jji^^ll <j £^JiJjLk Jx. 4-ua^iJI Ci£-Li I J&Jbj

$ ^LLI J ija. US <Gl ^ La Sj^jJI ^_l ^1 ijjJi: J Sjj^.

J^LjlJI o-oli jii <^-U i>j-laj Jjl ^j? < ^1 mil Jf^JI <j ^jLjuiJI

Sji^kJL (_£j^-l Sj-a «£_LAaJI I 0 °j » ' <_y-*-N» S*jL 4 1 fl"> 1 1 j-lc. 4_>UuJI

l_S^ju ^L-i2s
(̂ >C ^Juli]! £jiijjl ^ya JJ^LllL ^Jljjjbk U3 Aflj .illllJI

JjLs.^^q Jj^J i_sljuil 0~>"> j2>ajj^. J ^jojIjJ J«ai JJ-jj

< N ^ Y V <lxo olj^J^ JkJJ dJLculj J J^lj ^JJ^JjO Jl £j^jjjl* jLc ij\ j uJI j^aj

JUJIj 4 a i J i iq JjjQ l^£»j^ gt lis j (_jjJI '^Af^-'W^ <—>^>^"l>l (JjJ-^JI 'Jjl-»

J^il

^ ^1 4jak\ll ^1 i,^^ ^il ,7r.<-j 4Jaj3 ^1 oIjj^L >i.T

.icy^aJl I 21 ,7."<l ^Ja^l) ljL^.1 (Jjl ^jl (4^1^111 (j ^Ljji I
(j

al *"><!

IjUSlll S_£i ^LijI J_t ^^JjLgJ ^^.Lflil > at nn^l j»U

OJj& ^yLil Jjl jJk (j^a j»^jjjl Jl^I i—SjJLj — 0 7-
*'"'

J 7- 4x.j n ~> n

jjljJI J 4j^J dlJj jOjjj 4j^wlJL 111 » ft
I j~ > /kI .7.^ ^uqj ^ylJI

\Y-



— Sl^ill J^a. jjJj ^pJI <uLaJ l S^_Lua

oljU>l -i^-l jl) 4j}liaJI oLjjAmfl A=J ^ya JiHj Locilc. olijj^^U uidxi

CjLoxo (j-o 4jJaI mo (j^oj La 1 " 'j ^gj"> m n J| 4jlL

J( , jj.rtl AS Cj^i ^-S jljil fl a Lol t((|jCilLa-J» CjIjUIj olij^/t^J^I

^^Jl LUlc. j cL-iS!l l$j dj^"" ^pJ! iSj^^L a^xxAu j ol^-aLiil

(^Jj^i LuU.
Lf
^ij ^^lijjLai j^-*. j5j .(iSJ^JI slithy toves j^iiilj)

Jj^ljj i
a.^" (_jjJI pi I i«^L>^JI J-C li&L=»- J-avCj 4_ua^_dl SLuaJI 4 1 1 u "i 1

1

•UjJ&l^ j' Sjjll 6Aa.lj «4-IL».» O^LaJI

.Heligoland jjjj-^jhfr 4jj^ ,^11 S^aJI 3^ (jL»lJ ^iLu

5j ml tjj £jyJjL& (j£-eo <3jj^Jt Sjil j (^-°^' d_aiuJI

J_c 4
>fl

\s Lo dLuk (j^j jdj ^ n*> II <Llc. O-uij (jl axj 4 K mil J_c

dJjj <L^i^Lal ij J&SLuuj jIac^II ol J-> Loj'ix. a^LjLo ^Juuaj jii tS_>jj^J1

4jJIjJI J 4jl i_Li^ dJj^ > a&j ««Lttc.|jj Loj c.Ljjill» 4jj|jJI 415^^0 j

j^jiH c»jl^ ^yjJI ^Jl K ^\1*\ in ^jj oLuj dLujLoj» 1*1 »i \ jaj |d La. 1 1 i^i

(jjjlj jjt in ^jj (jl^J <6Jytuj ljlV> f ii o 4jljjji (Jj t^ljl in-w I g'n-fclj

<Lu^C J^-aJI JfXLa. LiLi-lj ULt ijjUl ^IjIaJI U ,., J*iL>. (j* J^Lail

Sj^jjJI aj^ ^-^u ^jjal (jl (jSlI ^J-c (jl Cjjii Loalc LjjjAj own! aso

.«^JL
f>j£->

^j-aLol 4 * u-laJI L^jj^Iij ^yjJI 4 \ iriL^JI (^xll (ja

4~i-\ i jIacI (j ^_uL<xil 4j^Lj J^fl'il ^^''"jt- J| ^/y^L^ Sj^oc ^jJj

'i aj J'^i ^jl JLall (j-a 4 -^ m'i J-^ijIj jrilU iiiullo Sjj-ua j

NTS



Ij^Lla
t
j£_i jj la£ 4jjj (_goJI .1(3 => II ^ Kj'ifl £j^-jJpLii ^!

^flli/Vt jjl^ Uj^Vn ^"t mi l Jx. <jL£j tiilLi* 4jljMaL-o (j SjjOaJI

.^^1 o1>^a jj_>is ^ jL^I

J^LjuJI (j^-ail (.jufli liijj-a ^jUJjIa 4jJc ^Sj ^jJI Lo LjjjJJ LfrxloaJ

I j I 4_ijL*JI d U, ...Ij . S.l=Jj JjjJ (^JLlU>. 2".
/, 1 1 . .^1 .j]\ £_a

(j — ^j^jjfLa 1
(]

»fl
(_f

jJl — jl J£."^l (jja 4jj_ya plcjoTt a Cxlajuaj

J-t li->>o "M dlj^i f^jLin,ll 4jl3j ^yk I4J <i _iwiq J^ilj <Jj'j^»

^lOaJLuil ^jjliriflj gyjjl">in1l ^jJA'jJ oLfl <dJj £xJ J! \ (jus (^jil

3, b,) t_fljjj^JI d U -"Ij ' 4_3l5^JI Jx. oIajjJLI «S.Lac.l» ^5^>j *lcj)f^

1, 2,3, 4, 5, 6.) Jxt Jl Ji-J ^> ((.-fl^^LuJIw pi^lj (c, d, e, f, g, h

Jf,^ £jj djj^ iAi^J! jjj-c J£ ^Li .JSllj .(7, 8

g2j *(^_>JI) iuLUL (^UJI £>jL) ^ al :
(_rijJj»i!1 ^j^JI ^

Jl Jj^jj IjaL^. J-oJlJLj ^jjjJjlA ^LS jSj <Laus jljcSl! Jyi (jGjjj-a

j^iuj 4"iS*i ^>A£.J 4jLi& i_jLlxuI .-i\K I j \l i=*.jjJ 4*S i^>-qj liiljjjl

K^uLlllw (Jjl ^ i^'l Lj_q 4 U 1 1 e>S£b i_j^a (_^jJi f43 Lj1.hu>.

.uj^clII 4 > I ftf. 4_i Cjjj^-I jJI i_ujjtUI J-C i 4jjfc J in->" (_fjJI

>YY



i
Y X V ^ Qunl V X V jl JjiJI Jlo jjfcj <LiL». wjj^C jjsill llAa

SLa-i jvi tLa^ljj y 3_i L^u>Lu>l Lo t*> > A <jl I * V< 5 a <^lg-j JjJ 4_ilj_iJI

llA j£jl> ^1 Sla-liba j^ll j£j (Jj tj^Lu^j j lllLta <jl£ la.UC (Jjjj^ixJI

alkali. JUa jSl .ii^, Jj^vix. (jus Xjlj oUjLaL»_>Ji ,> CuaLJI £^iJI

L$jj-ujjJj la-UC fcj'UeJI Jfc**£ ^ LojIJ Cijl^ oUjO.irtoll 4j^>LJ

J-C CilijO i«->.tl k_i_r-^j LajAc ijjlfc J in^>"t ^ylll .Aft'n" :S>a JjSl

.Commute JjjAll

Pascual o'^^?- Jt£-«l> J**e u 1^ La^ 'A' 10 <i *^Aj

jxj-tajl JjJjI/jyHsMi j&ut (j J[ ^jajJjU jLc LeHcj Jordan

jSj .p£JI Ky»Kja ^ (_
fAk Jlia ijli£ j 0"iLJjll ^J^ia <> U4JI

j JjLUI pot i^UJ 4j,.ij*i^1 i^&l JUil 11a j (j^iJjil

4^oSJI oljrOuJsl JlaJ oliaiLuM P <<? iuja. tpq - <\p = H/i 4jt>UJ!

4JjL*1! j di^L culi jt^ij -^^Ij ^IjUl ,JU j SlflKil

(_fijJU ^v^ual La j vdljj (
— l) <_JLujJ ijjljljJ^S\ jlaJI t ^a SjjaaJI

j-c j^a^"^?- j^I oSj .Three-man paper JU.^1 JLLo»_.

NTT"



7

6

5

4

3

2

1

abcdef gh
^j^j ^ ''j la ill II 4-JLSj Jx j^-oJ • ^

—
(J^.ili

j£-<u ^fLII K i'iKjn uj^La. tdJj£ f7 jl b4 Jlo <-S^=»-J J*A£- <j*

^ £jjj Lj-flJ^aj

4j't<"> ^jJI La j£J «^JI Kj'iKjo j ii-ajLu^l ifl"^Lj«JI » fijji jl

d >l a< 11 4_xi li^JLo ^ j '-->l ji iJj'iL CuLj jl£ SeLj^iJI .-.I IU

J-i-LII Ja. ^Lii-o) 1

O^jLstil Jlo j /» .A"" — 4_La Ij fl 5 a " Ijl — j(j !•> wn (_£jJI

JjLill 4 1 i^La. ojj jJiij <CLuj (jojLjjiJIj (jo-^Lij-ll

( > ^ • • <CLuj 4_Lfcj Jjil -
fl
°^ —N Cj Jj ^ylll lilj'iL CjjLj ijl^c. Jlo ijj^c.

I -~ Aij .oLu^Lij-ll jj > Lai i (j->j-!l 4_l^jjLqIjJ ^^LiiJI Cj fLa. jjjj

J LiJ 'j\j '*' >*il^ i n Cj^jLjl<i Ja-a ~.l fljo 4 itM n I n i n o"iljl-*-o

4_ojjjLll gotHll j^ JjJJlJI jl i
a

i
T."

<C" j| 4_i_i^£. 5j^k. Cijl^)) ^j^jj-ilik

JJj£ LjJol/Mn.l j£xu t^J| ... isLLJI J-C. laLLaJI Jlo 4jj£»j K/iKjl



4 U ml^aJ gyjj Until 4jl2j JLc J-JJ-o «ilLa.» J ,
\ -> T) :V-"\ JS_<1

JJjJL JjJaJI iLijJaJI fcjjfc <4U mi ^ylJ) gujJa-uJI 4 » U<

Ijljcl pl ^ UaH J^jaJJj djSLifca 2 JJjJL ijjLLJIj 1

4xja=voj II Cj*jla.V>*jl P i j .e2-e4 Sjj^_=JI j^a-a_>JI 4 U ml

Lil ^yifJj t (i^L^UIj 5J/^I) c^L=JI 2;ljj! iGUil Jj-aji\ ^

^^l S^Aj _^$Ja"i ^1 4-kiLiJI <<SJF^ Jl <>>

£j\ j * i*~il J >-" I'lVy ri i gjj U i"i IL 4 1 t mi* 1 1 JL^-o . CjLuJIj

iSLLJI ^ ^lj^ iiLubl JjL53 L^l J-c. e2-e3 *<*5^l J.& ££^il

jvjjljSJI (j^iiu jl jjaic JjISjio e3-e2 «JL£jj^l»j <frv

iLjjJaJI j^. cj--^ll ^aU 4 \<
I
j t l j ij j d . . .v. II

(
_yuJj .iiLLJI

Jj^o (J^
a j£j .4 1 1 1

0
') Cj La II j^a-a_>JI . al"^ /> , a

,

^" ^Zill

^jjh 4 0 1"< ~> *jl^ nil 'I a*- da >jUII . i^j^j J^aj-Cu_a iill_jjj^a ^jijjjLA

I j Mifl'i j.in'sll olx*-"}ll I 4 nriL^JI jj^JI

\Y0



^>ajjj^»ip dJoA ^jC ,li-t il l

C^jL»-o 4j,v,,u,H ^I'wuimI 0^jL»-t>

^a.LLo i-il ni'i^t L$j}1 <JUJI j OojLjjiJI j>htn Ldj ^-fljrtJLJ jjj (L>
uLiJI

^LllLui) iJLIa Jjl^ jjiJ 1 -y Ti ^j^jJjLi d_i ^La ^jkr. <J^Jj»a

jli t Ufli 4« <A>i ^jjujjLik j» Paul Dirac dljjj

igjUv^l ^jJalll pJLxJI dl_>jj jjlij .NS • Y tuu ^/(jut-Knf I A j jJj

ijjjajjl e-LjJjiJI 4 •>"'_' jo a dllj A-fj <p£JI Kj*>I£j,/ij ^^jJI i_ajju U

4juJaj J">. 1 Llj /I ... \\q ~ ^ S YN d .11 Jja uu^j d_vaL-». 4_=».jjaJj J » 1 "ill

I Itflj pJ 4*i*C I <£Jjj^jo£ (3 CjI HjnLi^l 4_luI^)J (LkA^i dj Qa. jjIj t ^ya J '» (j "

(3 gtQ'tfii Jj>"»ll <jjjlj £a (Jj"> iiu_^j (J dJLaLal s-Ljilj
1
Jlil Jl d'-^LaJ IjJaj

.4 <uj'i(j II dJLmljJ .« ... . Uai
l
^j_aLt ,j aLfljl ol^lui tl)^!i <Gxa oLaj-oL^JI

<>SYY iLui d_.s_.>L-ll pij.^L^I j BA Jl n's'i ml (>o (^Lxj j5j

4j&£jx viLkjLj ^.1 toll ^jjjy^ Jl t_jU>jJI djl^J j ^lU'wJ I q* fljj

Jjil pill ij^lili {Jj t4j5j>U'>Uj d^aixJI iUj"ijl

djj^ j djj| jLil <GLi <jllp. JjJaJI <G^J (^C lilt CjO=JL> ^j^jjUi

Jl JcoJ dlJ jJ ia^iij «dl_>jj jj: ^iil (Ralph Fowler ^Jji ,jJIj ^
dj^_a (3 *JJfl 1° J^ i_jl / ^j" la " ip

j 1 . f 1 a Cj^aJI C^)j ' «"» <j-o 4 a

jaLu (^1 Jji 4 ilr ^IUI ^oJI dl^jjJ ^ Uf 1 .^Ljjill

d no^aJI 4_)jJ ^ nnLa <(JjLi ^^-ij-i Lii J in IjtLo) ^ a xjj a. ^_jLa.

.t ^ 5-, ti.n (Physics and Philosophy) ii^liJIj eLij^l
*



jLil Ai ^jjjjjLi) ^1 <Jj^ JUi I Jj .Sjj-iiJl ijji^UI i-ajljjJ

4jU — oLfiji-i^JLI — ^lSJI CjljrJ-*J-o j JjLilli j».J£. iia^sLa. Jl

cjlj-ij |>*S -vl Lciicj .LgJjja. jJ-=»-J e la U mil JjU. 4_iSLl <bj£LfiJI j^jJa.)

2U»... Jl 4*ajc-» II ijouLuSlI 4j^JI JUJI j djJ cCj^jLaII Jx. <CLAjj

jlf£ CjLwiLjJI <j/» £_>i CjLa-ik^aAJ £j^ijjLs Cj^jL«-o i^JLu-o SjLcl

Sa^-lj Jj <<jajJI <j-a ^^>5 alo William Hamilton ^jILoIa ^Jj *>jjl=>

X - -

Jjlfc iuaU ilUS pill l^ol%o J i-M.M a^ wi.^JI KnKjll Jj

tllljjj &Ls .^fljucJI ^jl ' illj'bL) CjjLj (jl (_^oJLfia jl 5jt\j£ ljl.iC.1

4.&I !•«"" .-.1 %K tA\\.\\\ jjc IxitoLij j-ulajJJ 4i>jia j «j laj

l

^ <i*C II j^-aJI I
(3

'If (3^°^ '/H^' o-° <*-^>L=»- 3jjj^> ^Ij^JLluLj ^y^UJI

jl .<UaSJI el oLiiac lla-uxLa Quantum Algebra

j <GSl JiSlI Jx. ^ujJ <4»_> Jill A woj^ > i^u^i: jljclj jljch)

jl a jjJJjiJI ^1 JjiJI Jfau I j-o «J!^>jJ (_^jJI CjUjuoLj^JI j»JLc

CjIjj^Luus la ' uaJI « 4_vx^LijJI ^ o^Jalll 6 ji» J£.l^5 .-
.

...I *»" ^jj^l 6j-a

Lf
^J\ J^-ll u| J^ill v-jIjj^JI jj* 4 5jfl-> II •'^JjjJI CiLiiajJI JjLu

dJj jjs ja^l JJ>> ' <*jl ^-vX. <<tJi».lj (j .-.I a^o \<± uL^j a j" --*'*'



j Proceedings of the Royal Society 4j<UI jn^ll JUc! j

^^1 pLkil

t P c- j

kdJlL« CjI^>5 :4ijAo <j l*\V<t ( dljjJ 4 .'"'^ <^jJI JL5-1-I 4Uojiai^o

Ijj^^p j-^li (JjAil (JLLLIj) ... ^jLIj J£ 4 i^-i <J LiLi <ilLia

Q-^ ill JI_>jJ a'.l~,,,l 4\ mi Jj^l <
a-^»*«H <jj *«.LL4> Ijj^jLk-a

J-C ^la-o ^yjJI 4llLuj l$J£ OJa^ iifljjajj 4_o_tuL=k o^LLo 4 1 ml mi

oUja i^i^ll Ujla (JjL> ~ dJj J£ pLliilj .&ljjj£aJI j Lfj^Lul

4_Llu ijL^j Jjjl-> lj ' LJ* 7"JJ 1

fl
^ SjjJ jJ"Ll 4 I nil mi I La-ioAjl ' jjTlH

\jbj\ <nB*> CiLuLjj (jl ' a JaJI La^aia^ jl La ijluI ^1 I a> ualj ^xual

_l5_a i(Jjj^J^JI Jx. ^
in ^yijuij 5jJj^>. 4oLua 4 la ujI^j el 0 >5^ II

4 0lUU i^LJI olj^l Lai

J_^a~e JO t j flJlaJ. I CjLijjfl i^atl K i\K . ^ jLu^jl L^aJjaJLujI ,_yill

^_fll^JJ d 0 1~ a CjI n Mlit.
SjX. dJll^i J«JJj ^L-tajl <j ^4j U 1 m 1 1 4_lxJ JcLuj jjl (J^jsj i_5j^-I Sj-oj

ajjk <^a^a>| <jj j,iUl I JjjjJI J-c- gjjU nil! ij SljLvo i 4 o jjJa

jSJ <^t-ifl II jj^ £Jil^a ^ ' 1 «3_cp £-0 gtj^jl-i mil 4jLflj (Jj-oj iJ^-jjo y la ' jJjJaJl

££^=J ifljjla <jj .((iiol^ SljLvo <_Luaj Lijjl ljj» Ijr^ J« mm mi <iiJj

Jj&\ <jj K.iajjl dill jJfJ ijl dill :d^jj ^^lll jJaill ^ ft in*

«d2-d4» 4J0I Mm Iq uxLi 4^^aJl ^ Lij^>j I^L-oIifcl i»j^=JI JjUl

. ^ 0 *\ J x a 1/1 ^jl^JI c-^^Ji *^y^iiiijj 1^0 1 ft 4 111 t"in 0
*

^rtjjtill (ab-ba) lih ^l\\ î \<^a ^^UJI ^^lxUI J'SU.I l5;>?. .^1 li^liio ^Jljjjii.^ j t

ii'SljJIii ,^^1X1 j'-'j>?J J-1^-^^-5 OJJJ -?^>J t5>»-' S_»ua Jja-s i^,jjaL>U Cj^jL«j

ii*iliJI JU._>JI JLLo j .Fundamental quautum-mechanical relation (.i^U^I i & \J&M-<*£A\

.dljjj JLLo Jjlj jii^ 4jl <j»iJI K - ^jt Jj"JI Jl-i-a j,>4-1= J^i vjjjSIIj

NYA



i_fljjij ^ 3^ *'° <^JI ^JLc ^ Lo£ LoL&jjj <£>=>-l J| iJL*. (j-o J 1 5*>*J

5 U 5 ill 'C?-^"' Ji U-f J^"' ^Jflj'vll j^c li^ii

Jl J ^-oSLJI j^aJI -f^-JI K-liKjI ii±LLil CjLc.1j.qJI ull j Aj-.ii.ij

*.iJLJLi

dljjj JjLi. Loj'if. 4j*S mLoIjJ Sj'S

j

L I ^"LliJI jj^I (_>Ajlj OC-Li. A3j

Ij^i^ dljjj -n iii .4_i iju^UJI ^ 11 bdjK i a ^ 4.^1-^11 4 1 1 m'lll <^ iri*

3-ojJI (JL^j| ^1 i_fll_ia^L> ^ fl" *|j (
l—J^^3^) "'I " ' '" ^ lqJ I (jl 5 fl i

3L jAjill 4jo")^. Jl ^jl ,4j^jLjuo j jljc^l (^iL ^-0 JJaII Sjjju= j

I jl 4 U fl" 3I Jj ^ Lo jAj itJJ-aJI Lo-UC (j-^-lJr\j) JJJJ (j I >iJ ^ SjjJI

dJIj-iJ qLi Lui^w Cm mfl'il .^iJI L'Cl'iI's > ft (3-0 3 j"'.' "J^ SjJfcUoJ _/Uuxflj j-ij) t-~i~

£>j-& ^S-Ijjjj . LijI_iJ)-LS 4Jj>VaI mi o (3^-qj Lo pLa Uau^aJ Cj^-iLsJ.1 j\ mflY

jJl ((L^LLuta. 4j ^j^>Jj» 4 »j JaJI 3I jjjj Lo ^-a LoLaj 4 _<lrnJI

(.j_uJ 3^-J — ojJ&^^p JLfijjl (Jj-o — LijLjji 4jajfcLiLa (3^-OJ c?^' oj-a-ll

.N'Wl ca£ ^jIJI cjIj'wmII (j 4-il fl'ill aj*s all ajjfc ^ n"
(3« ^Jjj lia^JI

JjJ^. .
el

8:." <CI d ' ^ rf\ II ^aJI lj-i '»~' 'lj 3-J
'"'^ 0 >a ^ p J-=>-

Hamiltonian LiyJuU Sjj^ j itj^iij^ ^ .<_. ...^< 11 o'sljUil 4Jsi ..in ^ " || ^1 ^jbu

LoJij .ljulj J I fjjaU (ji-aj SjIj^I ijli j SljLvs ijjlS :dJ j JJU jjJJI
(>j

.ijj^jlLiiLs. Jl L}L_ajaJ

^bjji ^ j J*-^' 0-° -Ljit j-0^- J'-'-0 *->LjS syijj^ ^ K mi o Ail

« ^ c^Jlj -Cjj-^J' dJj il« ^tH-l ,>ojJI li« jJj -Jj"^' i^jaJI ^ ^^jj ijjliJI ^-j-1"

Directions) ^Lj^ill jjUUil n.i^lill 5j.jJI ,> oj-u ^Li!l JjSlI i^jJI ,> ^iLijei J-t ll»

.(in physics



(jSU .(_£j^l jJI 4 i n's iJLa. (^jjQ J a"tj j^Aj 4.<u ilia's (jj^^-l^ll o-°

J
<(_£j^a»"ill Cj \ n\ ma llj jjjjj^j'ill ^1 ^jC Jjjjj ^l^-si tjc. IjLo

tjfll'i-^. n jilj-o li 3 fl jl^Jl SbkJ 0_>flJa ji-S iLgjljl (jLa- ,_yjJ) _>l£iS!1

(jj 0 I" "> o
t
_^al -> nil « >_fl m"i^ I B td 1 1 1 fl I ^ a to ') 1 I i_uj vrULi 6^)Jj--AJLi C'

S\\0 ^jx ijL^j JjLkjj .Ljj_>£j 4 .ii fl'i oijJI j jKi^ll ^ jrtj^Jl

4» uUll CjIjjI ,_ylJl in uil-> II iiuflj! ->.">) I J\ .CjIlA^I £jvia

(Jilsl tJJ^J SjiflJI 6J4J uJv^? t5-^' ujl"'"'\)l (jl^ .JjlliLijI

(JS fl 5 l"i < ^Li"i!l tiljj ^§ (j^jjLijjjJI (jl^ « . 4 < 1 .'j^" ^_ya _>J^I ^4 Lo



LoOic Cry^lllj dJCwtlJI j jl^j NAAV ilai Jj *SjJJiJI
f£}\

4j_>laj

* 1 d i nul l >
^.-^ ^ , y I

A ^ ftf- c^xJ-xj! ^ f^j [ a, ft
yl hia

j*.
l-»^ I /\*C I

ijjjlll jK&l JaJII j^all ^nUII flj^l J< »_> j^jJI

CajIS 4 II ijjJiaJI (J
4" a a! ,../> d » . i U ^,Lfi i in L/i*£ tJjSJj .SjjJ^Jl

CjLiA->^ m » II >, iuoqj e (j Lixu >-v II ^ys 4_i_a ^jjjio Lo^

(JjLa-J ell dl_)J JJ (J-w't^a. dx.jn-t.n O-aLS LajJiCj .Jjj^vxiJlJI ^jill ^_ya

JjU ^jJI i^Lj^&JI jl^&l I^Laij ij-a£JI ijjiilJI

pLJjlaJI i_Llojj Q ft II 3Iq — <ojLjjy6JI ^jftifllb ial fiWjl j^kjjjj^i

i_jjL»j <pL>JjaJI fkJlc ifi^JLo C»l.n in (OLa.jll "I-*- IU.y>«t 4 j t\"\ \\

jiUlj JjJ^lJI ^OC yt SjjJ^JI jliiS/l J-to 4jLa. JljJa iil^jJI jjla.

eLjjill £io -l£>^ Ji <JL=w t> oLij^J'bU i^kaill (jliLLfll)

4j K/lKjll ro^ mil JaJ 4^o!i 4jloC 5ljl

.^ic ^liJI o>Ji j^il J!

oL^-jllj CiLjj^^-l^!l (jl 4jj^i 4 U ml j >jU II Jjj^j Jja.

J£ ,j 4 ~. j i ^> oL»j-o JIjJoI j-o ^f-l^jj (jl jj SjjJI Sljj Jj^- «jIj-o i3»

j^kjJjj^i Ad^] u»l Jj9^ . « 4^a^ -fc » d i \ 1 1 1 1 oljljll (j^jij dLI jj^g ijlxo

3 '^ ' 1 1 I Jj2> J^o (3 l-^-> ^^jO-ujlLI iiUaJI »j" « _ .1 «.-« I oL»ji.l

Q'UII jLujl £_o lJ^Qj cjLiL=».I a Ij
I ijljJI (j laLo.^!Lj »->^al

a^jjl <4"M*ifl"t (j I U-L JUa 4qj5-^ II (3j tiijjjiJll ^jUI

OjJHJ)LJ iJjiil SS^I <GLLui^ j j^L jJ <Gl J^l 4lAi pIjj

(jjj^iJ'±l (4J3JLII 4^j^JI) ^jjju fjflao (2,1 U.UQ jKJLj (LAe-"1
)

HiU c^JI



d ^ 11 » ^ juuj (j-Q J^al (j^^ (J^
4x1c CacLl^ tillJjj tjj r7il 6JJlJ

& p. «-

(3^i>i ij-C- Jj) II 4 Vs aj 4jLiI_ui^- 4 1 wn'\ll Cj\_/GllJI (j-o (ji^il-t"

La£j <<LaL* jr^C- -"''II vj^ylill L$j ^ylJI ^Llqj^I (j CjljjJI oIjaLulo £-a

L5^j)
(^l"-"^! l3

d ' '
"'*' 4 u^a La- jjjjrV^J^II (j\j-tu (jLfl ' J » ,1 1 o *a vjljjj

. ^4_lo^jJI LljLua. j_j SjljjJI ^l_ULs/iL) ^/ > hi 5 1 n ml I 4-lxaLaJI J!Lo Q "' 'I

f^ya 4 I in I in (3 II 4_i^Ja_i (3 (^^r^-ll * ^3J*~' *—J ^ '" 0 ^Jj^"-1 lj^-&j

!_j
g-l aJijl^a£JI & j '--^^-o Jj: j^ajJj^ri oLxj^jj Cj^jIa-o Laj

i^jJI UiLc. ,j iiiiLa. oLa.j>a a.^' O^jLxJ.1 (3-o L$jlj ibLaJI

J^La>. >»> ii^JI J-aaJj I (Jj^JLaJI CjLa.J-Q jl ' la «-» U ^ la J-C oLa>^a

IjjAaJij iJj^jLjlLI 6^4j ^l.o.-fc J£j c-Ljj-iLlt |JLfc ,_i-vj Saj .<_£j^JI i_9^ULll

4 K mi ft 1 1 oj^i a' U^0-1 Xs ii^oJLaj ii_ij^a CjJj L$ji!

J.aLajj SjjJJ (_jl IjjaLc ^j-yjjL* JjlxLluI J-La !<jllj ^-o ^>J^I ^ I"' ^ 0

4 4jLijJaj <_J ' Uoa 2
.

j
" 11 . I /m1 i a jjjLfli. .-.I I U .y>

^

jjS CuK .iliJj J-o

/.^La.J.1 ^IjI SSj i$Jjja.j-o CjLa.j-o CjLijjrt^J^JI SjS-fi Cul^ t4jj_>iaj

i(} .iiLvi 3^-oil <^a j^l ^Lji^l d^aJuu ifljj Ci fl-uaj (_y^JI Cj^jLjlII ^ya oHi

.^1 ^Lc j

j> 4flJla.ll oliaJI llii>Lj — JIjjj £ — Carl Eckart ojl^l

4-fl.lla-a ^>iaj oLgAj L^'j (ifljisJI (j I j noli ^ ilfil^JLa C*il^ O^jLxi,!

Cj"iJ jlj^o (j n 1^1"ij .Jj^aJa O-S^aJ ^aj JjjnIi (_Lvi uiil ija.lj ^2s,Vij |»JLs>J

ilj^laJL ih/i j»_u;UJI JaLxJIj ijJjLlJI jji- ifl^LxJI ^ ^ ^aJuj^ri



.^qSJI J^aJij oiijj r«f>U l^lKj^l cj L$j Jjl^Ja4 ^jjJI LulLu! I
(j

ilifl'l

ilalilo iSjicJ! <j Cm\& 4,.K.,t»,a.U ijLtLaJJ JiJaM Al^t ^j! jij

i_yjJl CjL^j-o nJjifjLxl! J^o iiJ! 4,ris, will (^jj-oiaJ!

(2)1 j^i <cilj 4_iLuj Lqj l£o^>ll>Jjj,> >(jHj Pj) uaJI i4j-ojjJl pLjjufdl (JSUtui

(^xlLxl^l
^ fl.fl

It Jji (jjjJI jj^-1 ^ (4 iA oil 4_uifij jJkJjj^jW 4^3i *'

L^Ji! j ^j^iiaLflj Lijjia oll-il*!! ^ sc^l^all K->jl5>->j (^Jlinj

,jlij (6jvoc (j Jy^l qIuiALjJI |vJLc /jjjrjJ^J! ajyLXj,j ^ A • 0 4Jtt« J^Lj

J i.rtat.tll IjJb __plu .4 A 1 f 11 —» 11 4^^»j irx^jil 4^jj^ «_Sju3_oJ LfroLia^ »<»i j



J*iL».j (J (JjJlLoLa i *i 1 1 j>t_ub>ljJI ijfi f\ ualil (j^JJ ^fljfl-t II

jl mo ij-a_a 4_^oJ.I 4^^=*. J^Ji tillJjj <frj i All <(4ji_ujI» (J-a_o CiLa-jll AJj fl

a

(j^ill ^Ljjji ^?->^ 6^4^ Sjii <j£\J .1^-ljKail <j CiIaxxujJI

jji^-> ^Jj < 4 < 1 1

a
'i (jjjioLfii ij^l Lg_> ^J^jj 4jl 4j>.jjj _/uic ^xuIjJI

J_i
->

"> mil J^a La.l"i*t"i ml dJj (jlS" jU I

fl
Jc jiljJ <^l ijj^j

^jlLoLi ,jl (jLvuiaJI j Liikl Ijl ,3SLJ .SjjjJI oLUxll .-LuajJ i»£Wil£J!

j iilL-a ^Li.axb^bxo. l^ji ^l 4j,^L^JI Sjj^aJI £ ^jJI ja

(_pjLt jJjj t^oilil ^k£Lll IS i'iK in ^jn mj-a 4jl_i (^ll^Lh |9ljJj i ,jl

Oliji^all ISUilSU* 0h> isljJj^l -LUlll <v_uuLLI CjioJI j J^-^JI

dljjl j <GSJ dJj Jj-ftJ JI_>jJ «jlSj .CiU-jil IS-ulSU-oj

j — f-^ji J£ <Jji — (3^*^ ^ "'fii'iii llJlAa Jfl a tiiljJI (j JaLjj^ll

<J J-^-lj J^j *j ^jiLi <j1 (jS-AJ 11 Jj J-^- dJll&j <4J _,juS ,ii -> > Jjl

' d ' '

'J ~ J-oL*jj 4jl d 1 ^ a^I I Jj^a (jJ^*-> -i^J .^jjLluI 4 «

iajJLLI (Luj^l Sjjo^JI ^jC 4jfi^JI eLjjiJI J t^aiJ ^yJjLb iljLa-o ^jjjjj

Sjj-^> j-ij ol jJj^f u^j f-lj *SljjJI Jj=». jjJj ^1 oLijj^J'lJ

Kj'tKjo (jl jjft I (]* °J (jxiLill 4_i j_i Loj .SjjJJ 4jljIj iijLijji 4 v uiai

p

CiLxijJ Jyi |»X.jJI JlC ifljJlil Sjj^aJI 6 j-4 Jlo j»oSj ^ mfl\ oL»-jil

(jjaH ilLa. 4 j o^l I otjiLSJI Jyi j^K'i 4jl jajJjj^

(^jj^SM^II «JL2jljI» Jjl jj 1 aj 1

jjj (ij.L j) jljlikl ^r^iU 4_i I mn s-^jSi^ ^^1 5JU. Jl iflLkll 5JU. Jyj

ia-jil Jjl > > 5"t»j JjlSj Jl iaii Jyj) J[ 4jji Jyj JjLaSJI

Lojit (^SU -JjJ_>J (^J L^J (jjJI 6J Loll 4j>ja ^ 4jj>.j!I 4j*iljLvo j



bjuSi Cjj i"i jLjill eljj ^Jiil IjJ^jJ (j^La-Li £i *> \

£L*_ui| 4 sj^lr* in a" ^ ni-v i.frj^j SSjjJl «^j n" j » ^it^JI (j

jj^j Lcj I >*C Aj •}j^jjj^i CjL^^o CjI **- UajAaj J^uj^II ^.tg-»Jl

*j ir^gjj Cj*^IS> <7iU AAA ^IjLjj -- t^j^L^jJj^ ,j Cii^JI ji^l) 4 >

jjj^Jj t-^^i) — i_j^5 jjc. 1 o i a jjt — L^-uiiu ciL^jil <ji Ca^»

Sj^-ua (JfLoIi Ciil^ I j I <5£jJI ^ U m Jx. Cjli^SjJl Jlo i£j^iJI (j 4jfljfl-v

Loj imH ^l^iJI u^^i J-po (_j-oLij ^l>8 j CjL jjjJI Jj-o Siifijua

<Loli». 4i*iS IjLxjI jLlaj ("illo ^jJ^JJ J£) icLixua. J£ Jjl «dJj Jj-o Ij^ul

(j
<
> <~i ^l^i (J i^kjji 5JjLjui 4 U ml 4 a inj (j^-oj J_'-wj (JjJlSJLi .4j

»jL*jSI! ^Ijjjj r>K mi jJi\ iT)IU"n (^jjjy^Jl >_Lu3^Jj ijLauSlI

iJj^uSlI a maJI ^1 » nil Lol Jj£LAj <jL*jl <JUiS CjLjjJ^JI 4j^Lj <_> LLaTt'ij

<JI <L*.LaJ1 JjLfi iCjLk.jll IS-ijl^o 4jJ J| fr,^ J>a*JJ Lojjt
Ly
l^i

s

jLfij Ij\ r, uj n ^y^J^j^L jl^ . 4_ajLi J U>"> <ii 4 in^ll CjljiLfiJIj >4 L^ftLa Llil^

Ci'»*S jJ» jhJI jj 4juaJa CjLxj^jj O mj"5l (_j^JI 4liaj-> In

ljfl^*t I o(|*^ I i4 n i mi^ It 5j^j-uaj 4^.^11 Sj^j-a 4_i^.l CiLASLjj

jjjj ^1 4_>Sj5->H ijjljjjiiJI oL^-^11 Sj^ua eljil jjLi <tiLu. *iL»j

Wo



iibiLa. ^jiLa-l (^jJlj <lla> Li-ojJ
LJ
I^- J.a^ ^jJI i_ijJLLI pjo-fcl) ^Ij^J'

i_j^LkJI ^ya JL^-I 50C Cjj^ ASa .^j^I LUIx. (^t <L& > < SjjJI jJU.

I^JiS ^nf I |» J
a J| l^aj ig>j)Tv> (jl ^jS r\ L I (jl^a <SjjLuul ^j^jl lj^> <

ijjj^ajJl 4jujJaJL ->.L ill.nfllll JlC Afl l^jli jJ jxSJI iijJal!

oLa^all tiJaliu ^ 6ji_>£- Lo ,jl jj i^i'i ^$Jj.Ajj ^ "^-^ <till^JJ Jifc.il

Laj-S i_i 1 mil ^Jk Ijjfcj tSjjJI ml Sj^jj-q ^jii-i <_£iill _JJi> 4_La£iJI IjjLxa- (j

— II K »*iK in J^-U-laJ (j 6/0SJI CjIj U*> II £--a J J-U->

J^t Jl^J ila^fcio j£jiiJa) <>a j — CwOaJI ^flUI

i».jjJI jj-a LiLajl (jj^^j <JjjJI <Lijli]l i^jjJI (>o £)\^LjjiJI

jj-uLj-ii (^-a J uail ^,1^j (Jl Jj^aj jl^j "i! cLoIx ^.>i,t^~fc J-*jj f-AJ^
LiiLi

.jxiJI pLj^iJ ^jjLuu'ijl ^gjaJL ^jixLi Lu-S ^jj^vauJI (jjill cjLjj-ij^ii£- ijL^j

(jxiljJI (J| i4 ilor 4 1 1 inj£ j 7-*' 'jlt" 5JjL*-o ^LaJ> <_£jl asj

d I -"j II 6Jjk ^Laj 1 'J d .a J^aA- Jj
) fit II fl" II

CjLjjyviit jie AaLsaJI <\r& II eLjjiJI — ^j-o^-ll
(^fl

Will <ji CjLvuiLuI JjsIaj

J=JI

i^LoLuS!! Jcl^aUl Jj^J LjJ i^JI jjlx. j (^jja/i^jjjxa.) ita.ljjj'i!!

.^1 oLi-u=j jIj^I j l^cLi'i!

(JjujJj .4 oiAJ ^Jst^aJJ 4 i^H i J n*\ i i_Lua_a LajJbj <l
(j

mfl'i 4_^.jjJL ,jl"i~> ILua

^ I t-^ " ...I ,_. ..f'NI j > -> "i tJj^Ja (JLuk (j^J iSLal^ 4jljj j»jL5 i_a i/-i_g J£

.i^.jj.1 j^jO fl fi ^ 1 , \ —fc ~ ml i_i m*i*jl t^ya Jjl^wo ^jja.1 t_fij^Jaj 4 n \ II fl

Jjj^J^I Jla <^Ui\ iiji^JI Lai

(_£j^l t_fij^Ja i4*^^ja Cul^ La^ i'II ml tjj^JcJI jiii \



.6ui^)j S^o 4^^Lu *L£I jjJi^J^I ^Jsij ^Ij^-I ^j^=>

jjJi^J^!l 4 \ i /-i-* ml (j\_La^o j-ijfl tort's 4 flj uiA llj i^jit 6_>^a ^uuj

.complementarity ^L^'ilL SjSMI

illJ (JlLaj ' a a 1 is. w. t-w
ti)~)3i

'
a ' I

j^il — (psi) ^Luj ^jij^C^I l_fl>aJL Sjli. LflJ ^o^J ^1 — ia^LI

J-C ^LjA&JI CjU_^jJI JjUj (^jJI ^(_yiJI ^4>j i^a-jjj^ iijLaco 3 t-fjZ

i-i'ty (j| I j^> Ti^>. (j jj,«J ^LjjIj .4_tc_jjJI LajLjj^. (3 4^^j ^l^mi

4,a jjJa J^loJ |>-(}-tj I
~% "n jj^ijiL l^jl^ j-ijJI j/iu-t^Vtll jyjLjAiJI

jl 4Jal ni,u J.i a?i,i jl ^ ' <L1j_>53 (qLoj ni^*s .jjljj^r^-WI

^ t-»* n Jj_o 4_jl £_o / ii d f
a i o « — '^J*^ ^ 4ja. J-il 5~i mi illjjl ajji

CjLa.^1 Cj"i!jL»-a jl .La-j (j-ajJ1 JJj jlaj) ,j*jJ1 tiilj 3 j^Ljjidl

jr
A^J iflj^ia J^U. .JSLiil ^ jryUI JaJ ia*l^a ^Sll^

Ciclj ji I j US'. II 6j^flll C*il£ .L»-o .-.I oj ...^ II JJ^-JJ <La.jll 5Jlj

j^l U"i!j3 OA <Lil "ill ,ej-uaJI OujJa J^?JI *L\^ JiS j^> Oj^lj

kjJ)'"~V ^

fl !j '** >5 tft.it. ^ i uha II (jl Jj° ' jj jl^ ^ .5" llj 4_iLi-«JLi

(i//
2 i^xs jiSI isjj jl) i^il S.xi jlj i>.jil iLxul^j jUn c5>»-L> jl

4 US'. ^ <j oj ,ii-v || J^^a-j «J I n'l-t.^)) ^juLLo ^yk ^IjiJI 4 1-ifl'i ^1 ij

J!Lq 4 < mt J^-^J jl j's t\ \ j-ll JJ^ljJL) i i^>JL) jl j*S ) ")lJ n

^1 iib j! ^1 , Cx9j&ri\

fr B ^ fr

^1 pLuaa.)(l JC.1^5 Jla jUj jil^ox j 6J^a.j IjJ ^_>il ^rji-

jLi iL^jl^jl 3 5j -» II pI^j* ^ "T*"'-' «J "">~> 1 1» j-« ^1 (J-t ^ji^'i"



j^Loj ^ Uit Jx. dJj£ p*? * 4jp (j\ Jx. ^jlll oUiiiL»jili

^jJ^LJ^ p Jx Lililaf IjU <q3 p SjaLc ^ <£i» Jx jjjli <jt

Aq j\ Ap LuLoUa J «LLiJii> jljiu. jSj .Sjjxi iiju q j\ p ^

Ij^j .uAJj i<t-ttj>.j ^jjs 1 'u 5 1 (Jjftl Li£ iLo |ii in-> jjj (^Li J

toJLl

(^^^jiy^^ij^ll liilj Loj <4ijj (_^a!>i ><a,=».U jjy> SjuLo ^IjjI (j*iL»i

ijA 4j-usLa. ^Li^LU <L^uiLuil 4j^jjS ^1 jl ^jjJ^SU^L) J jll

oL^jlII Lai .iijj Lkiuaj u^°f Cil «u »»•> Itfl .4awu> II
(
_^a!>l iri-v

oj'j LaJSj t^i«.jJI cdioj l^j^J «4Jj2j I L^J (jiuU <^j^l 4
:
ka.L>

7Tj ,v_
\ • X "1,1 h ojlii -ililiil 4jjjS—jjSU.I 3j.nl ^,11 j> li*^ juiS Lla |>^»H1

jjj LoSi Sjijj till 5j£ ^j^j ^^jL^j LuSjj^j .' v \ s Gj^xj H 4 uin ij .T ~ja ^Uii

NTA



^>u^LaJIj t<\ e\ \ ni~» 11 ^yC <ij-XJ Lo joAj t^Jjljll pi a uJL illiijJUi

m-> II 6 j-A ni'i'v't ol o > m~» II . al
!:,"<CN) 4 ninnll ijLa^Jlj .jiX aJL

<Lojlj CjL^3II 1 jiVX'li oLi.3II >-fll imV^ ia-dicjLl ^jLajJI Lot <LojIj

.Lt^ (jl (J 4n v m-t^j 4^jjs£ jjjjr^J^II iJ^aJ-uJ ijjAJ -la.jj

^£.11 jLlk.1 IVi^mj *ij i^JI |JUJ LjAg a J _.Jl^"ll iiAikl Jx js^j j£I

<^£J1 ^JLc "^'j-*" 'j^'jJ' (j i4-> * "->jl>">ll ^'j*^ "^1

I nfl 0*<j Ijm JjsLjuij «CjIjL^[» Jx. Jus -a*
'»

j «i^jll Jjia»j «^i.jJI» Jj-o

t^j^vtn'^JI c-LjjiJI (j <llusLLa . j I
' Hj ua.a-11 6 j-A olaJla^txoj

4 SjjjJI CjUIo-uJI > iinj j J-oJU Aj^ui'^JI *LjjiJ1 (jl LiaJr. £-0

^"t-t. ijj jjl cjUIq-xJI ^-o JikljjJI I'ulf. (jl :dJj Jx Sjilx j^j J Li jjjj

4 In a.j Lo (J_^=^ Jlj mil
i_j
JJL-° ^jl

u*'*
' 'L^3 jJtLxu^a I *.'»^ /»

1

jjfe '(jj^jJ £_/vo La£ (<UjLi ^ >t->"> 111 1 Lo J£j 'l-fl-^l ^Jagj Lojjx SjjJI

* < La * 4 1j "
(
2)-0 6 > La * 4_i_lHj Jx Jj i<-l-*> II ,J 1 ft" -». I . 1 1 111-fc

<4j1j^
<
v*\11_9 .^aVill ^jx) ULo jliiSlI (j-o ^aaJul Ijji Jl jLiuj

111 a"» 1 (jJhl 1 nli I 4 la ujljj I ^ .^i'i ^jjJI 4 aj la j 1 1 _'|j U J-Lj .jl «~. ^^^j

±J\ <Gl j-o 4^JI IS-iil^l Copenhagen Interpretation h^LqIj^.

oLjjiil jaI j-5I>II (j f-L=» jjij .^3.1^^ jrv-uiiG av-uil J-ctaJl
LJ

lJI aJOaJLl

.4jajI1 ill jj ^\ i/i-fc'jl jpj_aiflljl i^ajj^a. (J (jjjj jjjj^Lo (j-Q ^JLxuLul^l

pLA^I ^ jJ lj[ u-^ 5^ ^L^- 1 o^U^j^ infl 1 Loj

JjLl/ jyilxuj j LJLLjL Tomo j^jj J »J I '« If 5j-a JjS! ^^JlLI

f&JI K/iKjn iLU: Jl el3 Jx io^Lc dJj jl* Jij ^^TV

o^-uto J^J p<— ^yjLjji (_yl Lj oj-^" mj ^jl Ljj (_jjJI Sjj i/*>ll (J

Uca toLuuLuiVl J a* II Jl 5jj.< mil <L*.UJI <olli>aJlj oljjJI

.guLliJI Jl JjhtajlJIj SJaxujj SjIjLj oLLbAaJI <_iLt^ ^LjI



iSjjac ijjuLajl oLaALujua JjLj dl^jj jLu->.'»l ^.a! iJljJI jjfl»ll ijj

£_i jjl "ill t^jjQ iii \ Laj 6J Q-> II ^afLll ijj-laj jljj 4 ')~k I iZiAj^ Aflj

<GJ>jL». Jx ^jjjj-'L* J J^j .i_x»jjDI 4_iaJJI JjJojl ^ i A-t AS j"*l^aJI

H u'JJ^J UJ^e 4^f*J (> *-(^| J*Aj U^J < > ^ V Y <1uj

llllcj <tilJj Jlxj CjI^O-uJ 6jIj1L> j t i"i ) 4 1 1 1 fl I
,jj_J-> JJi Aflj <l

(3
'If ^ <>-«». 1

J* p,
/ \ *

|J» >^0V iliu ^jl'i m'ul J| .
"»< Aflj idlJ^j (jj^j) 6jjJ».l

J£ ' ^-^ ^Ul 4j£J (tii5^JI dJj <j ii^it^ll ^j£. Sj£i 4jjJ

tjj^J Lol icLllxu^l Ijjl 4-fll nn'sl JX tiljjj 4 4jj!iLa. Jx J.,"»->jl >^£o

(Jc Jj^j SjjLa. Jljj >^o£ iixu iwi^lJI 1 jj& Jx <LL$jJI j Jio-> oii

£j\\\ m^Lj j Sjjo=JI oUI im"i^I — is I ni'ill loa J£ tilJj

J*iLi |»iJI ijjJijJ 6-uAaJI ol a uU'tllj 3^1^?" 'ij-^r-"-*-^

j\at <jl 4flj5-v ^ a-^" ^jl . .-^j ~i — iiLlill ijiUJI <_>j^JI £ik ^^ill

_>iJ jvflt iiL». jx JjjSLj aBj .Ca3>JI loa j Lf4l!>l as (^oiLuSM ^aSlll

^j^>.l *) i^g^ iiiQ3 jl » jj niL> QAa > 13 O ~w La Jfl'i (Jjlj < j^ojlII dllj Jio

j^C di-a.,<ll Ja2j .^iJjjj^ i^.jil illjj 4X.JUJI iftjSllj

.x-r

:

Jl ^^^0 ^lA-iij^ — J^>* <Jjfl in i ) La j ^ ftj frt o ml &jj^ .In in I Jj^tlJL^ — fl 11

j\ infl'i (jl ^'nj Lo-o KiLjl 4jIjl> (_jjJI ^jifl J&a. Jl Lu^^ij ^jK n ij ^.5^1 1^ n ml
la
^ll 'c>^^4^^ J>^ H

«^L^l J t£/-JI

S^jL=b ,jj^J J^t La^lc tl_Xa-i^JI Q JjJ» :^Li I^^J lo J LaJ LjjJ-a. ^Ic ^jjt ^_yjjjjlil>



N £ N





{Ja 4-la II plj-i^l Jjii J.AC iijtJUc ,J[ j l_ij i a 1 1 ^Lla
;

Ja>^i ^(3 <^jj^j!i_JLi
l
_^aL=kJI u J lajl (

-l"*^ SjjI^J) -.1 a -f-jH ^1 ml

JjJ^j (^il) La Lj_/uLj "i/j i^jJj^I ol fi < m-> llj SjjJI 4 q\ uu LI ^J^oJi

oL^ail Kj'tKjft o^jL«-q ^1 ia1ix>) ,>o <LiT "51

[
'L^J| jU".\ ^ Ujjt

J jl D jl C jl) B <jL*)!I js. Jj^aaJI JUl^L. jj.^'wn iixUI ^"ibbll

>_LujSL!j .Laj^iI iVi "}) Lajjc 4-LxiG <^jJI La jl <oljjJI d^^uj ^jJI La ^£-11

Uj^-Jf "il f^jJI i^-jll CjiljL*-o (jjx.lVi m ij
(^JjJI ^LaJI [>li^ <jLs

oLiljj^ iiLfi j jLg jjJ ijjji> 5j>u3» jiial Ted Bastin

|»J (^jJI (_gj"> ml I t~i mi^Lq ^jl_iJ_iiJI 4 a \ W\ iii t (^jJI La ... (jjj"i-*JI (jjill

ij (_^ljJI 11a ajcl inj in i-4j*sj ( 4_uojLujSjl JjLuII j <ulj ^jc 4 mo'i JLuj

L^l



<dL!j uUu Iajj l-i i j»j 5 J i. II o Lij a i^ 11 l*s i'iK i <•>

j> q a \ ^

ij^LluI L^_»_l^3jj jj^iJ l*s i'iK i <i (_jj.ll (j^-s Mill LiLljj

js.pl 1 o"^jL»-il £-!j ^~ tljjlj . lJJj Jjjs JJLjI 1 -j Laj c-Ljjl LjLol

J%j
J"^->

' * ij-O"^ iiLtiLl ci! J_) d
I ) mill d .j U>'i1l ~.l iHaj *

"iijuCLA ^>Ji j^jjlj |^iu.^.ti ju^j[ ^ 4jI ^ya iim ji^j

jUJLI

oU) kit. II oLj^iJ dnj-JI j <j U" 1

1

£ 2 = m 2 c4 + p
2
c

2

IjjLuija j^jJI <jj£-> Lo-uc £ = mc 2
J| Jj"

^
" ^iJI iljUll

^ J[ SjLi)!l t> "il oL^L^JI iiLoKJI iljbuJJ
Lf
^x

iS^\ ji^JI

LjJLii «cj^j1-«-1.I <j aiJLJI jjiaJU) 6jla Jlo J(j
l^"i Lo^j£.j .£ = ±wic 2

ii.1 (Jj i(_g^>ajc. 4j"i! 4-^ i^ljJI II 6^ dl^J ^ij .t_\-yjll



p p p p

J^.1 LJ
ILa. 4jl ijljj^coj liiLLaJI iljJLiuj j\£. ilLs. ^jl Jl t-ifi n "l jl

p p

^ >'»" ^jJI Lo ijjl . 4 1 ->^a <ULL ilL». j-o t-U' i-JLu i3LL i!L».

fJLJI j ^Ul oUj^^l J£ US ,.,1 ^ IjUj S<JLJI iiUJI c,L,jiui*

<oLjjj-ojrtflJt j-o oLjj^SJ^H jj£ 4 5j5 -w J^. JIjjj i-iL>.[ caASjj

6^ Uj (J*iJL oSllal jS o^UJI ells J£ $ iJLJI iSLkJI o^U

<iJLuJI iaLkJl oLjjjrlSJI j-o >a-j "ill 4.5,.>5?> II (j (_>ujJ «£jLa «-Lisi»

Jij ^juum <GLi isLU jjJlSJ^I cuWI IjLi tdlJj jit dl_>jJ ^Jj

L iJLuJI iaLkJI jaj J lijJ^Ji Lukcl lj| IjIaj <i3LUJI o^U. |J-uj

^j 5 - 11 <JUJI Jl j-cl Jl >5JI <> <J jj ^Li isLkJI <> ^^Kj

+mc 2 iJLJI J| -mc 2 4JUJI ^ JUii*ilJj .^l*- jjJ^Ji ^j-0

4 I 4 wm'iIL <2?riC
2

LkjIjiLa isLU JL=>o[ ^jj2>jj j-oSlI t_.ilKit

(i Uf^- Jj"^H <J>a-"^ U^°_J 'diji UJJ^I ^ OjU^)"

' ' » qj jJlCj .L^jAjlj pi a * II ^jLuxjj LqJoc jl 4_ijjJI CjLlLulII

r>5ji"fc l_jJ\5_J| g ' -a- •• i^yitLaJI jJUJI (j iJLuJI isLLJI
(
jjJ__J'ill

liJLJI iilLJl j^i ,j S^-L=_ jl ll__i 4 C 1^ i_!jIj__u 4_j "ill i^^jujjLflll J_-J

5j a ~* 1 1 6 jji (JiLo «iJI_>jJ JjSjj .4*i-> mil i_JLuj (jjJlSJI ^_iLxc J!Loj

^IjJjl (Jj-o LoLoj) 4\~> mil 4j^j-o 4 n \ in-y. Jjya ijl m" ^jl Jj "i! i_ifl")ll jl

, eil\ ^JLuJI

<S>jx Jj^ SjiiJI <GjIj Loji£.j
. (4 '-^-j" 4 \ -v m'C jjl jj ^ l-JLuj

4 a 4\ <
> mi olj 4 i m->. J| ^Jjj ^1 "J ^*

1
1 1 (3 (JjLojJI (jl (3 _)^-&

Lajit 1.

dLLaj jl 4J jj ^ jl^j <Lki. dJj jl^ jil (cc-LijjiJI oUUJil)) j <Uuiij



iijjJLjO j\C. 4 ft i iii^o
t
jj)fl uij£ i in

f*-g-jl Aj ^1 (^jvjjj^ajjl (jLi
J) J

'"> 1 1 4x. I -> i~i 1

1

4\^ .7,11 4^^* l^f ^1 lp M,a\ 4±&J1 l$l l5w..o

a5j <j!jJI (j dl^jj iUot L$j J>5"m j^I 4j oj*v H ^ a=*I jj

Carl u^j^ Jj^ c,^;^ 1 ^if^ 1 u' Ji ^»^=e 5j^ 1

4_*_£T^Lj SjiljJI <gIjaL£l* tLiil ija All i^^* laiMa. jlil Anderson

Jl J^: iiLLU ilcU qUj,„? S^JI i^lj ,mv iLu, iji^JI

Victor Hess jjj&^j ^jU^Ul
1
$ a aSj .pI .^all j> ^oj^l

.JjSlI iJLLJI ^^Jt Jas

dju <>3li>. i^joi^" .Cloud Chamber ^L^ll iiyz j \-f^j** *^
> ,a.7n<l a5j <ol>jLLJI ..J'&Ij ^jjl JjIII Jlo "iLo ol nj m-^ II Lgji

jIaS-LL ^gjuJatjiLe Jl -\ <\ 4_U_luI^j ^ --^ 1> Ijl • ~ gtljj CjLi uni II j^t
j ^1)1

1
0 ilr. jIUI j J'.^ ,^,11 I j '»< I l^j .&'» ^jjS^J^JI 2 1"< L^J qLi,»%

Ioa Jx Jj$j SjjLa. jx ^i^ujjvijl J«-i-fc .Positrons «o L>jjr\j ^*ul

iCjIJ ' "' jLi^lZLi <ljjjLa. Jx dlj-iJ ijj Jjj 4 N \ Y"\ 4JLlu . pi £."^^1

CjI o 1 m-> II -JLc J^ya. (jOjLjjiJI ^)J=U 4_jJ_a.j . pi 'r.'^SI j^x. J^J

i^j^p^xlll tjjjl tjn Sjjj 4 ni mi. J^a.j (3 Jj^Jo "°^1 ^jj'1 ta l^jl^j

J.^^j) Urv iL« James Chadwick JjjjLi: ^^a-^ I g a ,..'><! ^yJI

(^jjii Sj^ a i clj» m I^jI^j »(N^To ii^j Jj^j 5jjL=». Jx. L^aj

oljjj^J| I4J l-> i-k"i iiljLjLLo oLijjjjajj 4_»ji.jj3 oLjjjj_>j ,3-° 5j jJI Sl^j

Cj^Xj t laJaa I I lift (j CjIjjJLjj^jJJ ^li^o dloA j^S-j <jl ^1 tijJLui

.4 iK 4 > mLm*jl pi fi \ » 1 1
—> 11 pjfl Pwa 4*j}UoJI CjI II P^xuj Sjifl

dlj-ij 4 >lnf. a U ,.,lj d ^ » ...-^ ^yl I ^jS-aj <ljjJ.1 4 I'vLi

iLLLLI 5jl 1^1 1 1 oLoxuuJI «•jAj Lojlj L^Aa ^ > ^1 ia >42LUJI ^
yojLjjiJI ^1 jjoj <4jJLJI iBLUI J «Sja^ll jl iTi5*tll» jl <L^J



\
(jLi ij»._jjJI £j\ n \ tt\~* II P^-uiJ (j^iAl Jj-o ii_jj»J.I 4jlxuIj ^.iii.JI

(jj I i^fl i

« aj a ~> U jl ,_jSMI <j Ua >i ~>» SjLubil o_> uoj 4 »j »->. pLSjJI jlc <Gl

j Jj o 1^^ 1 t>> <i i^o'^^j 2mc 2 Ujl^La isUa ilik*

ajjfe Jle _;l o^-lj .Ciljjj^ij^jiJ 4a=Jj ^jIj ^Ij

Jl ^xlJj oljjJI ij^jl Ji-b ol^iSJ^I J[ J>*j IIjIj oljL*ull

<jl£ .Jj^jojj ajl vtiL^jl osL=>- ^jj-a. iiljjJI a,\.»"iyi oLijj^j^^l' jj*.

j_uo^Jli f\^jJI Lai tSjjj^ ol jjji.j 3j^-s (jjjl ^juo jjjjjLi^LflJI

JjjL 6Jj Jja. 4 ai .uty ^'-A*^ U^^A-0 (J-"L»JI» :<JI_>JJ J^JJ (
_>u£ * I t Jx.

4 a fl a c l 'j ' a II ,-.t isl « I " jl LijJij tlj iii ltdJj jx JJj

Jx. U54 J mi" ^ ol n i iit-^ II cL>ljf£» '~

Jx jsitjJI ^j^^oJI cjLijj^u>c (joLij_^»-LI i mLmSlI q * H

^ t*»
»"

I ic_^ujj 11. 'K n~" „j iLalj Ijlj 0~ ml 6j 0"i inn ytX.

jii <>lll~i "I'-lj'-^ll ^ a » ^ Jaxujj .LcLa nilj ^jj^.1 pi 0 1 m-%. ^j-o ilj

1 jin'i'm j U nn'sl (jjjUl jLuai.1 ,~jjJjjjli)\j jLuall (jjJJ/JI (>o J£ Lli^ij

jliiSlI 4-> ir-> I L*»^S liiSLl Lil^ dJj £-0 La Q I i^j^inJI o^HI CtLl^aa.

Jya j^Lij iCjI a > ma II CjI jlj «-- ^JLiS^ 4_Lol^ _ -'^ OjJjj2

jjSJ iCil rt> in-^,11 i*i i^ij <j ^ 11^ ii-i~> in jUhjl.iJf.t-l p -v-Jjlj (^-ijLi^iiLlI

Lo ^ i«a^ftJI 4 i intj obi \ m-\ II (j SjiaJI (J ^juLuiI e-^yjo "il 4j| J j Jjj

. ajUII pUk ^l^ U^lc ,^JI Jji 3_.a_.UI I oUuLiJI <uk cul^

.4 fl I" ^ U tjLJa^l J JajU-^ II C^i CjU^LjlJI L.tuirt'ij <_>"Lji ^^JuJaluu

.Lgjj jjiUaj ^jlJI oLfl^L*JI f-ljj ^jjJI ^jLijjj'^I ^jjJ ^2 O^j
rf » uul J£.|^iL (^2)j)JI (jj d_uuiLxul JJ&\ ^(jji Lijj^ (j^ <^->



(jjill oIj'mhio-v j Abraham Pais <jj ^Lal^jl 4jjtj_oj ^jjKJ ^LLxluI

j Cj^jLa-ail Jjla^ ijL^llI j j(j l^'l -.1 ~* II •
jj t »l > ,nSl1 fijjk

^ $ ^ * ^

d " ' ' ~ * . X" < 5»la^e 4-Lal^ a k *> I LLujiLj I
l~ - (jlj 'I La. 'lj

(jr
^JaJl i_iLj^ j 4_fl_u3j Jjl i^J\ iijJaj j dl_>JJ 4jA=J ^Ul jjlVill

jjl^ ioIjAJI d mi j\ in CM ^ ^ I I K .'.!< ./n I j"no^ ^lll -.1^1 ualj^jl J_*_>

4ln5llj JjLo j JtUil ^..Vi"
(_s
^Jl) S^I&JI S-iLuJI ^La-U-JI

jjAijj Sl^lJI J*->J Lac <La_iislj 5j£i dldj "il Jljj ^ LjjLi ^jjj-^jjJ-LflJI

<L^qjl»,n>8 SLa-LtLo dJj (J^J 'Sj^JI d^i-^ ^ Lujii Jla

<SjUI ^ S_>-o

(j's fi 1 1 iS_>-o
(

lo
^ • )

(j^iLo jj^jjjo aJT j\jo o » si^iji j^i SjjJi
jj|

oLuLUI aidi Ojl OSJ .Sl^lJI 4\~> gjj 5Jj^ JlLa 4j=o-uuJI ^LviSlI (J^Lii

<oLijjjj^JI ^j-o 4 ...a i JJjJI diaj (jlll ij^j^ll ^-4j i^jUaaJI ^jj fl n J

I

(_^ajLu^aJlj) oLijjr^J^II 4 uiij JJjJI LgJ otji (jj^ dJjjj

LgJ dJjjj ..-.I'.jj'j.'.II ^ 4fl1"i-s e\ Ijljcl I (J I (l(j iiifl'^ <ajljfl^ II

4 a I" A.



iJjLSj jjlJI jt ii^ill 4_ii>ilTill plil mil j^lc U5 i J-qjlj ^yUl S^SJ! jjij <L*-o

j^hj (j I t\Q pi IjjJ i_) » l"i 1
(3

i'C I 'Lion's II (j-o > flti^l <4 on i^H

4->^aj*}ll (_j ClLjj^^^jjJIj CjLj^JJjJI jl_i£.l < > ^ rn^t, Jj'il 4-lal (ll > IJ tSljjJI oLu

4_Q_lc.l 3jj i ) I j (?) < i^il Sjjj^a ,JI 1
1
O^JU ^_yOj LiJ>jilJ I JjLii. 6jfl~> nil I

3Jj^fc^Q SI3J (j Sjjj^jII oLijjjjiJI J^'j .5l_alll Jj^

IocLo) Ij5"t in (_yuJ I ^Li ^ * "I ,j| &Ja£- Jj-iSJ La oLjjjjj^JI ,_ys L$J

(j j^ftj ^j^-ajj l_LiijJL4 (j-a (J5l — lift Lajjjj (j ^^jj*. — ijjjSil 6 ig-J

uJ-K*^) u^^^p ^ Y \9 'AY '° * <YA • 'A ( Y I4J ^1 i>^lj

jJlaJ oijJ (JjLflj (_yJ.ll ^-aLlxJI 4 * i lUlt

jj-a JjAa-o (_jJ-o dLlAj <5l_»jJI 4j1j

1U J^l Laj-o£. CjLjJ^>Jj ' II (j-o nil JJjlJI i CjLij^J^jjJI ^ya 4jjla^a

LiIjj^j t£j a" mo jj,i->" It—1 oLjj^jj) t'tllj cj Lj^jj I (_^o (_^o d »j ^ ...I!

N N £ _»^J I4J ^1 Jxiill ifljli ^L\aJI ^Lii!! 11a J-c ^^iiill



.sat J! Jjft'ii JiuS/l 4_>^j^JI Lai <IjjOa. i^i'il olj >K^x» xil^^i

ij^jSlt >-t"fcl Jj^JJJ . Iji^)5~,inl jj) ii->H ^J^l 6 1-^3 ''tj*^~~J olju) iK^agj

Cj^UlJI Jji iLatiuj j Jfljl i»jj| Jl ill Ji-lj (fjjJLj-llj c>Hfcjj>Jf4-ll)

j^ojjSJI Jla jvfiLk. j« LualJ LJLa 4flj0-\ II iljjSlI ?taJj <_ylll 4-ijjill

LaHfj .iSLU «La_jil!l j 4fllUn !jja^JI ^aJi JjjJaJI J^aia J-C ? iu^Ij

(jjo JjoI g^adJI CjLwLoA ^ixi Lo-o il_/vj^ I_/vjLj 4_>j^ajJI r-l lLoaJI (j _AjH

' 'J~J^.'^lj pj '
'
IjJ ' 1

1 JXa pLlxu! ^ *« a i^j a JjAjI j~y*\\r I jjAaJI

Oijiil ^pJI iflliaJI *dJ j£ iSUa jBaj LfriLS iSj>flll oL\jjjjj1|Ij

LuiLuil LflJI 4 n_i iii-fcj i (j^aj Ala ^Ja£^l jjlLulII j\ "y fl'il Axa LuiLuil

4_>j^ll! (_£^iL!l 4 V\ ml^aj Slalll J^»-lj I

([
» £-o *ij iKj i'.II .'I ...I

SjjiiJ LkflJlxci Sl^aill ^jLi. S^liLxa LflJI 4rij,ii-v CjJ^-J Ijl (j^J lij^aill

^j^aojLijjiJI 4 in in > La
t
>Jj^a£JI ^jljj ^'n<l ij .ijjj^JI (_jjiL!l 4 l-i ml_aj

(3^^? (Jj-eJ v_ul 4j ^ISjrvj ^aj LcUai ^a.i^'ijJj .(4jUaJI J^j) " 'Q ^ ^ j^-i)i

i" L^jli 4j^aiJI is L*. ^jLi» S^pSiLua SjS r •* 1 Ijl <<Lmc 4j^oij

S^iLwa Sjill CuLuaj Ijl Lai >JfaiJ ^^jUJI ^1-mill jLuil Jl SjJLlxa

Ja.lj CjLi^jJ^jjaJI oJ^J -U^Jj^' '- <3 mu — LjjLi iifcaill iiLa. Jiklj

jij Ci'^ n"i Ijl Lai <SjjJI i^iil J >JI Ji-lj (j^i ij-^jJI <_>ui^ j 6l>lll

£j~*S~\j m l) LjjLi — Jjjio jljS fu ^Jj jJLa. — iiLaJI ^U^Ti (2jI Jj^o

4^aJI JjLi 4 i<j,>u^JI l^.jjl^^,aU Uijj .^jj^ll (^jii-ILi 4Coij^ <«lliAJ

No.



6

A

!

A ^ijil j i^uaJlj .1jjil Sl^> wJ5 j ,^>lt :>-V J£Jj

i>Q Lo wiLluj^I ^ Q>j£ IjJ jtdl jsJj Jlsj J Jj *il

Ji-«>'ii ^ijjj djf=«> tB jJjil J| (3ji» Jaall isUaJI

fry fry

U dLu <jl jjjj (A Jl B <>a jl) B Jj A «ULai jJUJSb

dioj "i! 'Lilt oLaxuia. Jxa <oLj^jJS^ijJt pttj objjuK^iiJ! Jjjo

C» I

t

i 1jlj i4liL».
^
yU.ikllj JuS\ 5ja.jLk ^LiiTiI iiUaJl ^ a^j La

Jj^-Lk. Jxoj Jljj isUaJI j5j Jjl j-cj JatijSj Ufi.
(

*j^>jJI (jib (j ^£JI

ij!
— Ijr^Lua <jl£ <jlj — JjUa-e JLola. I dliAj i^JaoJiil JjU 4jU

oUvitwua-xiJj .Sl^ill Jilj (j (jJ-u-lj JaaHj £jLkJI LftJI 4jbXMi* d=JjJJ

J-c (>ajjj 'u^J^b <5LtJI £j^jJjLa oLa^Lc ^aoAIj ^aull

_v,U* <j*jl\ <j-a Sj^j 5JLs (jj .ft <j*a j^l A£ x At j^jij du^j At

J>j-e (j-a >».!a.H ^La> J^»-<i (jj^J tiSUaJt ^ «<Uoulii1» LgllLJ

• S,.U"Lt,a ^SJjji 4JLa.lj



^ — I 4 * . ...^ II iSLLi ojlj LiKj II ljI^ " 4_Jc Lo ,J^c c-Ljj

j\J Jjl rinl iSLLaJI Jys ^ fl^j Lo dlaj Jjl l(j_ilf. (jJifJ ij£J 'J^-""' Ifl-Jj^Jk

4M*,J)

Sj£ J^«U ^ U. fln ,o ^JLoJ 4o_£u Pj^i J| 6j£ <>o I

fl
K 1

.

C>l.£-lai _>jLijJJ j» inl (jLjI^J JjllojjLS '(jjjtri i"i Jl Sl^ill L^xS ^ n's'w jjjJI

Lolj .jljiaJI ^ (_i^"^l (J-C- CAJJ^I ^/jl^j U mi*)I ^jAaAjJ oLjj^j^illl ,2)-o

gill; 4^Li tUjj3^ij > IXj ^ (SJ^i <J^ ^^ 0 -?3±>h^
J I V £ (j-o ijjjJI Ltukjljct ^j'j^j t>jL>jLuiio jrj£ i1ajI>> LojIj

i>j'>> ^7 '^^ ijilj Ii* -rrll ^ijj Lojlii tLLo 4_i^j^l Lojic jLAil frL^j^It j 1^ mfl't 4 ilrtt II ^
*

<4Vs_i„,^JI K 11K mil LLij .LLa Jtajjjj 'J-^ll jf-U- Jx. iiLlaJI ^js ^iK 1 U ^jun inll .1* j

Nor



U Jj£. jl U .t.'.I J£ J * mi ij SI U1I cJji ^jj^fLII 1 -> i o Y • *

llLljj "\j<^" I (jail (J J-3L^Q-> ^ 4_i1oJl1I ^ jj2> Ijl^J I *' " pljjjljj )') II

J ^-.m.L 4j^JI l^iJt J^jJ-t ^ UUajl Ijl Lol .4jjj 4l/>S

till [j* *- <Loljiklxul (^-oll ^ ~<^~H C -
"' jl La uul JcliLa _jjJ> tdJj

> 1 * (jlS-o
<_§J

U»J '
' " a *' jLi_fljl iiUa J^-a ^

d
*'

'

J
"'

[lit (jxiajjull Jj-o pj-^ ''II (j ^ al U1 | ^lijl 4_iiaC bl^La^o I'lVs n\ LajjaCj

ji^aJiJt ^i-tl <i i*i |Jj
< ^jjlgJ I J| t^yua.jj J II ^yz ig\-aSi)l\ ^ I <»

(J^, Jjill

dj'»_'-^jj w^ll d I ''.a II g 2Aq\\\
^Jj^. ^j-^ J 4^ laii Lajl <j£.Lalll j

j iA — 5^ xjaII <L»^j*jl j-u^Ji ^1 LiLilc <^ia -"'"I &/ »^ 1 1 al^lll £.
' ^

"*

I ^ ' ^"l ~» £>\JA3»^i! I * Q
>"*'^ " fj^i 1 . tUll "IJJO'S 11 jiLllJI

J-C (_^aL1 3_/i it-ii 4_>^flJI ijj^lll j_^^fljl Lg_ii >_iliu ,jjJI

JU£ J-C dJJj) i ^> a A ^ t ~wNl I Loj^1j^| Loj^J-uu^ 4gj^ (ft \\ ^^flJl

Q r< .n"> Jl JfAJ Lo-o 4^jL=JI Jl iflUiJI ^LflJjl (j <
J
«u">.ii

j^^J *-l-6^b^ul* <j
SoLiaJI ^Lo^l ciij ^>5>-l

4 Uv ,„Ij i ^.fc ill JaOj .4jUoJI ^j-a cJ^i OJ-F^\ ^ ^i"^J j 1^ ^j^j^ilj *(u^j^5^J

- p 1 1 <J^Ij < IjU oLxi^j Sj^fc-^II (j^jiJI iji-o ^j^j'j u* TJ-J 1 ^ '3 ^ sLa-> Cj^JLcLcG ^ <r»lo ij_JL*j

NOV



Jx. I 'in Jj?i^"> 11 iljjla SJUJ J^-lj jjlia j ULa if>&L> JLua^U

J&\ iiLL J)^"' ^LLot jLjI .ill j*s
j\
g 1 1 (j-oj .4iLLJI ^ a.ua n ixoS

4ji Uj Jfl in >aSlij .JjSlI ^LSil j ULo ij^jS/l £-flJ j io^kliiill iiLkJI

i->ii <rill ntj <^gjl lr» ^ 0T\ (j ^jjjljjjjl ^^53 jkj i^^ijljjjJL

C^jjJlx^JI <>^ U Uj^ll jUJu^l <> guiLUI JiJJI al=^l

<j£J .4^U 4£.jj jS^JI ^llil ^laj^l jr; ? fl-.1l £a23a ,_^^U

oU*>fl"t11 j<i "**>~'\3 idLlj (jja 4-fij jj^l 1 *n mi ixijll ^jill pi 1-i -> t i_ij I l-i 1

1

4_lfcjl J-aC JjOJuLI 4j^fi 4 i m i t-illA-a o"^L=^-o ^,1 J-> "i ml I Q~\ niljj ^jjjl

LjjLijj^A ^^jill 4 1 nil ^jja ftj -^11 ^jja ~.l -> *> ^jijj " I
1 ij^jaLi <tl iujj

4 fl Liij 2_lLJL jjfill gJJJj i(LaLo IflUi .<->) ULo ijjj^l j^r\t i

CjI fl nO^aJI a oij£ ' 1 dJI^J (JlLa Ijllxul SLgJa jjxlajj 1

1

Iqj j^^l <jl £-03

Q ° * ijjjjjl .-.I A** II ^Li ij»£JI ^uJauo j 6J->J^. CilaA<i>rv ^juuaJ

>a^l (jj^J ^1 OS Ij^Jj <Sjdil j^j £Jj-oj ^ ^Lu£l J3l oLaJlii-axu

l^wlia

t^jjJJI
)J

-i4>j i5jllll^5 ijl^i: 5ajjjiJI 4jualaJI Cjljjirt'tll ja^l L^*i

^Jjaj I j« ft lit J-i (j^a^-i Sj^iw 4jlj^jjJI 4 ao'C.II oLl^jJJ ftLLa 4 la '"l^aj

iJLaJI ajjk j 4^jjfl i< II ft^^aJi) .^0 nfli j S ZjtjLlC ^.iU->"w "ilj j^aJ

jljlc^l j-aj (-<Jj±-\ dJjJ <j^J 'jjjJJI fj.ni/Vi L^.jJ^i3 j

J^»- JjJJ ^1 oLijJ^J'lJ (j>aJI ^j^a-oiJI Jl f-\jjii

v2.LijJ^J)ll ^i5j iiLkll ^ ll^ u-n.n's'i Uale 5jjJI (jt jSjS !Sji)1

SjjJI ajA Jj-a Cj^jj Ijl .OjjjaJI ajjk J > ftl"i^^ jlj-a Jl J-t^



l

%L±[£. j\ <LJ <jl 4j,^jSli ilUJl Jl IjjLc U5,mjm. uj^J^t Jl* U^j

4jj ifljj IjOa-o ia-u*^! ^ Lo£ JILjouj

^Ln'^l jyfcj (jJaaJJI glt^lL 4,>l,a.»JI

<dJj jju 4,\>;> L^ll ja, ^1 <{kSJI ij^kiJ ^1,^1 ^LuSlI oclaiLl

,3 1 U~t~ I ^1 5jli-a 5j jJ (^-oii jj-oi ij^l "^Laia.1 dliA <jl ^ijlj

.Lgj ^jj ujj^-li U^r^ ijjJaj^l ilUJl Jl Ja*3j iuajUJI iiLLJI

J^k <jl5k Ijl lali i-LaJ
.

^ -J I iiLxjj^l 4jU-> II fil* ^ "Mj

t±U 6jjJI L$j ljuj ^jjJI ijjjj JjU LoLqj LjjLu-o jUI JjjJjiJ! ia.^o

JcLfij j 4li.UI CjLjjjjjjJI iya iLaito <5_>a»SlLi 4Juiu .LgjLcL*Ju|

oljjJI uiia jIU.Vil

I J*v ftj i^^al oljj ^Jjl 4jljjS|I oLijj^idl ^Vjjj il t uuJ ££Jja.I l£JjJ

t djj Jjjij - U..JJ1 . 4 mil <L»jil Jji=> 4j ^Lsdi/ill J^o IIjj^j JjLaJIj

oLa.jll J£ ^iG^p i I q iAa > 4jboj 4JLsl
>
o!Lo oL^-^il

j^yij (_^JLi. £L*ji g't'ijl LiLo (((_Ului^I» ^1 1
ja II JS (jAa-^ mj UL« «Jx.Sl)i

j Sj^nJiil 4jjLkJt JS Jla.Ij33j .(duuLolil) ^L«.mi^I I ^ n mj Loa

L^jJI 4ajj ^lll Sjlll J-o 5_^_i_ua 4A-Liix J-C I ^ Ul a ,,,1 ^Loj ^^lil

CjLij)"i ih/i Jya (^^o ^Loj L^jLi tplj-i^-^ 1 1 jl Cilj jll ^ jlaj LsOaC

45LUI iillk.a Jl^kl ^..n„. L^iLi LflJUJ ^5 UU ,4iU=JI

4 0 1
U"> La-a J5I 4JLlS 4iLLa ciljj ilaLk. .4^ mLala jrji.j ^l~h^ > ifij^kj

,3j i^l (JUclj s-Ji l^alj^l ml (ji-oj La Jj^JI (jja dliAj .oljJ^a^'j CiljjJI

j SjllLI CiljjJI SjjC 4j.Lfc «4jl.^aSil 4j iiLLJI CjLjj .no ^
J Li- j I _ys> >_ujJLll lid. ^a5j .ijjuojSlI LjlJL*. Jl iiLaiSlI (^j jLk'JI 11a

\00



j^iJjj^ 4_la-S (^c .fit ill

^LjjJLJj! jikljl j 6^0 JjiJ oljtfl"tll Ojj-L ASJ .4 mfl'i J JyvJ I <J Ij^SLa

oLi^^Jl (3 I nfl iriiM ^ la" in o (jAij^i 4 U ml ^j^pjLU>JI

^Jjljjl CjL^J-o (3^-^ (3 ^Lxxol j«.l.t-s." ...I ilLljj <^"> itj-mjl jL^J^JI

CSJJ^"' ^LaJu^ll ^/x imj i{Slju T«j ji-ui N £gj LJjJa £jlj*J Ljlll *>_SjJaJI

iluj ^Uj! Jx. Jj^i S^iU. Jx. jIj^I J-ua^ saj *microwave band

oLxaj^I iia-uil^j 4jjjSLjII cjU.jxJU (j<i.r>"> IJaaJI .N^oi

jS jljjt ^L <\ \ V ilu, ^ll ,V,jl jKil jij £.L-i)LJ >aJLl

«microwave amplification by stimulated emission of radiation*

MASER ^r-alk^ <jA\

4jl jjjj ^jJl) Jj^ll .Ijj^^ 4_uiiij o5^JI tj Lgjlj Sj^Lall Jx. J

I

Llxll oLuljJI wJLL Gordon Gould J^. 0jJj^e- ^ (Jj^ u 1^

iCharles Townes ^jL; jJjLis ^iJiJl LI .Lxo^JjS ijuaL*j

itlLlj ^3
(
_yJ-OJ 4 fl mi's) ^jjl Loj u-fll Mi'l's'jL ^Lfl (^jJI U 1 .All . Jyi Jj^a.

^Aj .c^xjLkll tj^*- 6^ ^k^j^

*i2 («light amplification .light iJ£ <>) jJjaU ^^l^JI

^uA JiaJI
(>UaJ <j£J >4^ .^11 Jl^lj JLiC.SU 1^ ^La^a Ji\

iflJlkil £-1^1 Jyj Jj^xJI JllAj ^j^jil loA J W,uV\\ iajj^ (jl Llik

. i_pj '^11 ^AlL> a^oL^JI j^jDI I q U <ml i^jjJI

cK">j ls^' O^- l^>^4^ ^fJ^J <J^J^ 'tSs^ fr>"=>J jJ-uSAJ JaLaJij

Sjlij^i iiUaJI Jyi ^ fl*C 1 La L^J pjjiAJI Jyj CjLAaj SoJ^o ^ fl t~i*nj icyuu

Sjl!i^1 t>o JifcljJ Jil ^LajisJ Ij^Lj 4_£ jlfl-s II Ufl-. ij ^UJI J oljjJI

^Li<all ijjiJI 4-u^AJI -.1 .-^^11 Lol ^L"^' lj CjIjjU ijjI^aJI



Ijx -Sal U II ol_jJI cA'—j <_fl^l J " "
«
Jj «5 » II j ,A 4 ifl'i d >»i \

t4j^uLxo*i!l 4a mil (j I j a (Jj^LiLlj .1 j'v fej jjfli <4j"n nij^alfl-ll

.iSLtaJI
(
j-o j^jSJ "iLoLi klLuLala P $jJ=> 4*C mLala yLC. 4_sLL JLijI

(_j-o llSj Ijfi'i n\f\ Lcl » mi jLxit jjjJ (Jj-o iCjLaojjjJI fijjfc ji^t 1 ^yJajLjj

Jja.J (5<iJI J-oill «^_iuJ.I
i
_ya\jtH ((S/iLlI 4_aLJI» ijLjjjJI JixiJ 1PJ-1AJI

CjI iA 11 ^i-Sil (jAn ill ^lILij .CjLV^Lc^IIj illjjJI CjN fl^. (J 4 i mlj Cj\-a\,.\~*~\ ml

4_J-uaJI ^1 m-v'jl (J
._.j5"»ll jioJ I j *l i-^~ ...I (jS-oj isLLaJI (jx i»_a5 5yi uai

(J jJjJJLi ^iajJI CjIJjl ^JjLaxujj .(La Lo^j d^ij's mfc oLal,.^" juI „> ^>~i O^j)

4_s_iil ^jAJutU OSj »4jLlS«iJI oLa-lj^aJlj
(

jxu'^LLI 4X.l i 1^1 Jj-o 4X.j'i"lji ^Lubjl

CjLc.^lall <Ua£ JjSl jljjl uU ^ JlXlI SpU£-> C>Lq_ol*il ukifc j jJjJJ'

.a,uW 1 hi

jljjJill cjLaJilo Jlc barcodes «jj£jL>» oLobLc Ijiuj

^ nift")J !^_LoLa jJaJ jlfl 4 U (*_>LlSL!l l,Lfc t-i'ilx. JLcj) 4 * n-\ 11

CjLiajLoj ijljj Ju-a jlj-LuSlI j Sjjj^ail j' wall
(_>
^aj^ilj ia^ojil ^^al^sSlI

.oUl^jJ^JI jl jLjl&I 5j5*iL5 Jsa-uaJI Ul 'jJfUl ik^l^j ^./^l u^'
.IjSLikj 'jJ^JJI Sad .no i L^a.Ujl t^S^m ^jjoI

^ ^Ll^Ij jbl^Jlj ("ilo o^LaS^I jLoi! j^) iiAl^JI oljU.^1

pLjjiJ (Jj^l 4-n, mill ijja ^yjLj I
(j

'i*v 1j '4j5j5^ It ijjiij ^ L^JS

{^jJ — jjjJJI ^1 1 hi 4^> niflij jLulcJI ^ya ^jii 1^ (jLt J Lc^lcj i^JI

ijjJll jjjJJI >_)L»JL vlljj iliLa. J| I a UC j\ — mil ^ (iLfcj^i-

iicLluaJI jLaiSlI Jj>1=> j 4lfl-w -UiLij LqXic. j\ «ib>jil

^jiiOll CjM i-^ n "ill J| ^ a"i iii'i Lojlc jl ijaJLxJI J^=»- CjIjLoj^II Jijj ^^jjl

igi-aj-o jj^ajiJ (4JLIL1 ijLaLi Jj)0'il,l Oj-uaJl) (^U ^Lk O-i^-l JLt is^ill

Nov



j a^jjl In j ^1 Kfil^i £Lttil j^jSlI ^hJI J vdi ^

^laSjj jjltu^iljUl JJjIjJI ^Ul tljjfill £_>i <JJj <(k£JI

Cjjl. niii .i lj > j 1 1 v_jj_ujUiJlj <i_tj-^ H i_j mlj^j i^j-ds^JI oLcLuJIj i^j^ui

<ijju "j |\$1*JI <>a LpSl SiaUJI ilLJI frLjJ^ JaUJS O^Jj <ia-o/J.I

£»l™> ^2Lll iJL^I "il^J SJ^I

.fliljsjl

pNl injll (_y^i\ tr\~* <jfi-i la -"j
t
_^<ajl f^i-t. 1 iaU'.« LgJ j_q! ^Jij ipN injll

"}l ^1 jljll Jjl^U tJ_
».nU'il l j J^i.Jl jjjjj .Jjl>*JI (J^jLa^j

<6j jJ! 'J a jLt d-a2 (jjo i_j^jUL> 4 » fl'i^ya iiUaJI J^o iJLa. £ 6J^a^oj

isUaJl jLT o^-I iaS »jj«La. J^-iii (J LSLo oljjJI ^ "
7- Lciix-j

CjL^j)" mil 6AA j Cjljjjr^J^II ^ t m'lj iSjjl^ll 6joil ^^"i'ij (^Ul isLLJI

jLI (J Lflj-aC Ja^fl uJI JaLuj^ll 4fl >n in oLjjJ^J'^I 6OA Jx. j*>aJ ^,111



CjljiiJLfl Ui i^ill ^jlflj in 4jLfl J>Iill ((_>uj£) tra-* <r\ cJjU*. Ijjj iJ-oliJLi

iiUaJI oLijAinn < 1 1 m-t (3 -*-j«ll II l*s -ijl^-) a Cj"i)jL«_a ^ >i ~k ~i.MOj

j Lfljl Sl^iiJ S^aiL 4^j.<,gg.U oIjjJI^J^U JLflJJ tiul^aJI j CjLij./\£J^U

J Jjl^l J CjIjjjS£J)II £^43 .Jj-ua^lJI jLki j l^jl JLLii

4 aj Sj)-^ a I*, a 1 <jJL1j2>j <LjJlLax J>il£jJ I JjU^j (jj£-> cj^Llc^II oLuil Jij

.cJji ^jjJ*£A\ \ \jtj\jjLa SjLc «,Jj^jjJI jjU^jj ^jl U'iII Ija SiLkJI ,>

jLjJI Ja^J Jj^uajjJI JjLki Jl »_jjuj jjl Jjj^iJ^I J-C J$_uJI (j-ai lilj

uj-^1^ 1 ^ <o^L*^all j j-^l uK? ' SjUl1 J^- Lr?_^ 1

1(3 mfl't iflj^LaJLj .jililll Jliaj j cLiLk J^u iiLk ,_wn"i<l ^Ul

4 ,1 -^^-a 4"'^ * JXe -'II « jililil jUaj (j-a 4ja, iuJI >_JLlu ^j^LI^/I >_jLiC.

Cj^Luajll dLxuil (j^S I j's frj 4aj
<)Q

<
V II ^yojl a. IL jl*~*f £\>*P>^ (xljLa

kJI

^j^SJI jLill Jijj jl jJ^aj Lajk^j <Jil£jJI jLkj j 4la -"II <U^a

AJa^ail SjAaJI j US ..."

LJ
_Aj 4j_iI"iII CjLijj^J^I Jj">" jl dj^-ajj

ijij -> ">" 4a>^o CjI fiwut L^jlS>j jibaJI J «>-" Jj^-ao jl

.4 hi a') ^jIjJI ^jj^o^Lli 4aJv)0
<
V II oIjLuJLj ^ I

»
"n ^j^ooil ^xljLai

J5^l J-C <4jliiJI 4ji Laj SjyLa 4 >» >\UII C>\ 1 111 1 jj^j jij

jljil A jib J-»^>- <^jJI ^->lillj <4uj^£JI I i^iM.i^fflA. p^.a7JI 10JI



Jj^ujj <L^cLjjl uL>l 5_>-aJI <_jLjjJ\_£J^!I Jj^ujj <<L*fcl ') i<-> Cj"^Ll£2j-o ^LlujI

Lgj^Li. (j tl)L\«J\-£J| <JUjl Sjj J£ i'IL* ^j^jla^aJI SjjL ^^fli tljlor.

^ '< i<-i"> I SjjLaJ.1 CjljjJI £-0 ^-jLijJv-CJ^II 6 j-A> <(^_ujl15j»j i(4^-U pljl (j j^J

tl
(j

\*% <\ > La (JjAiLl I fl
m0'> j-"^" (jl ^-ijjjJI oljj «4jjj_UJI 4*C w'lll

(*JfjLa_^JIj ^fjjjJ' ^Lui'ill JjjiJI jLs pLaj_\JI ^ LaJJ^xtaAjj

^itaJ 4_L>_>Ja JjAfilj t^^jLiJI 4i*bLi <j (_>u*l_». J,jjrt_CJ^! £_i_.jjJ1 tJ^LXol

(j^iiaJLlI ji^a-ljLojjaJJ iijjljJI 4^ I mil (3 Lj ml'l j^-ljjjjl 5jJ LgJ

L^jI
(jjJ ii£."i| jf) iiCio d .M .< d U ,^1 <JLJjl j l

_jii*LiJI (Jjjr\iJ^!l

^-lijjJI ZjJ LgJ OJ-ol ,_jjJI SjIiljJI CjLjjJ^J^JI Jj) "">

j <^L_aAjLa^_». Sjj

"ilj tittj^JI 6^4J Jj*^" ^jJI J^ajil 4_l£J Jn^jlJI <jLkj ij <LojliiLI

(j-o (_L^ayO 4_j_ij SjjiiJI 6AA Jjuo Jut J^U-uj <,JjLiLM J-^*. uL-^oj

,j»,jjJLaJLi (j_u_»ill JlliiLi ^-ojlla) ^.jjijLa^j-iJI ^jjaJJ jjS> u_U jJ ^JjAjJIj

il irn i Cj^bLuo^ll bLvuil ^J-q
^Lc^jJI ^u^^Llj La JSC 6jUj j^xlJI

4-La aJlj ^^LaJI ^J-a i jj Ij-^ H uiA.1 (3 4j_a»_all d-la f"ill ^-a SjLjJI ^ i"iTi

oLijj£J)!l JjL^ Jjji >i.S!l ^LsJI J-t 4JLJ1



<j£^aj i'iJLilB L_LkJI Sjj-uajj .-kii &UJjl J JJj^L> ^yjj^JI jLjlU

CjJOJj tSj-fta II (j p (J| 11 (j-a Sja ij}^ CjLjjyv^J ^11 ? m"i

Pj i«**>H ^Lij^l a o lqJ.1 CjI-IjjaII o '"\a tPj i^il) Sjl^fCu c-Laj"^! (3

Light emit-) LEDs jl p^AU 5jcUI ctajj^l iL»>UI t>i&>

ui^ II ^a. j ^LSj^l jlfll^l J=J ,>a f.\\~\,<r\j (ting diodes

Jaaj (_^jJI ij^jaII Lai .jLgJil oLiLi olj c?_>^l pl-»jilj oLcLuJIj

ijl 5j Q a 1
1 ^jL*- IjjJ^ll g "^'J iA>H (j^?! <u (_jl tjLuall aLji^l (J

Jl£. jj^IsJJ ^vlLLlujj <Photodiode jjjjjjjiJI tjj.^ill 3^

J&\ cjA 1^1_ail aLi^iSl cj! "l.w*"NI ^ jjjll dLia> <jl "ill <pjjiJI ^L»_i

. Cjlj_J->-)JI (j^a

sj"'**' 'J "' J*^ '"'
J-^ L*-o C)N1 k^i^11 &Lulil ^jjq ^Jai Cj^Lj Q» i^aj lj|

jjitujil^: J£ J^u) jjiu.jp 1^5 gSUI ^j^j <(pnp jl npn)

4iioj ^jJI jjjIjJI jl-^- <j oljjltujjljUI (jLi IJuj (ijjj^ SjjIaj SjLc

jiiJI ^ya £j=kJ
l

_^jJI 0"iLjJI II J^J^I ita^ul^j 4_OjjJLj (j£-aj ^J-a

pi
1 i^fs nil (j-oj .(4 mot (Jk^II 4_iuui (_gj"\^> > (_^jJI .'I -.N «ll jl

JA_«_u3 jLjJ JJJ-a 4_Lfl i_M 11IU i_lj"ljJ ^-iA-LiOJ «4_luLuLLo 4_£Ll jll jl^il

JLuqjI jyc j^l jLj (j (np JLuajl j^C. iCjIjjjR^J^II <j-a

laiGj^LJI J

.<jjjxa ^ "j 1^*' ^ (_^l |>
« * t~" I ^Liail Laji jt£llj j_jjjJI yojSJ.1 jjl i

.«LLd5» ,jK lj| jjjIJl jL^a. J^j? U3J

I m^LlI jL^*' J-t ,.i ^"i
*

*> Li^ i^jjjvijiJI jjjill <j-a pi >*<
1 nifi^ II (^yj-^-j

^La. Ij j7.i->, a jjl^ <4 a ml (j-a a^_>JI ^JJhj >4 J n ~>ll ^| jvj Jfl II gLtjll

4 •«*' (J^jlJL j^jij cul^ ^^jJI S ^ aj~ 1 1 ^-ijiiJI oLol ni^j d^LuSlL 3 il j \\\



j&JlJjjii 4_UJj ^jC iji-> ill

Culf£ tpLili mn-s II 4_iL$j Jjla-ja. >(jSlt O^LlaoII aLuil 4j ^jiLj <_£.ill

S^/M^l I CjLal n i^ill (Ja-a Cj Ijj'i "i^i IJ-D I Q Laj i^^J)^! (3 Jj" "'j'Lr' ^ Sjjj

^^^Jl jjIjJI oh;U j^UI ^-1jJ*i/l 4-ii c<U ^aJI 0S5JI j iii^jiil

jjljjJI (J^J aJj .^l^aJ^II 4>jji (j C)ljjI-"'JjljrlJI Cuu^Jj nJ'iLtu'ill J-^ " 1
(3
jlf

iiL-ilj olj^-llj Jj'j^l i_£ Cul£ tliJ -w 6jry*-u* S^ixi. Oaj Jx. 4jxK"Ul

^JkjjLOjJ Lxx Jjo_jj 5 J^fclj 4 n (j Lxx <l)flMi Lb/jOj Cjljj-i jJlj CjSLus^II

(j-i^Nxit jjx ^j-^j . lJ^J-lu^I ^iLixl lS3^ *\3 oLal n i^i 1 L» 6c^ixx Cijl^

i_j^jojU»JI «£lxj» <SjxLaJ! ilLaJI 6jJjJ JxLu> Jjl IxLt

(j ill |%-% -v (j ^jJI uj^uLa. jj\ ill JxAj (*LiiJ' ^wjU'i <nj <_£,!! I

3j>^=».l ._i lqIJ uJJj JjX J?-^ i^Liux 1 1 laj ij '(Jj-^ (^-^J*^l JjjUaJI «L>.Lujx

j ,_jLuiaJI S^fl <^x £jill dJj Cxa-L^j ^ylll Sjjlllj <4j iiajl^ll , fl_>j<*t 1l

<>JI (Ji j^lxuj^, ijpj I ^jx SjxLaJI 4jLaJI Sjjj

4jj^cs£. Lj'^LL J^_i Jx. iLjjaJ ^jj-l" (k_fl^l 6^rit) N * * * *
J^*' Jx

.O Ijj)" <ii l^jJ^\j Cjlj jJI 1 1/1 n 4j^l i_

J

j-ujL^JI 1x1 i(oLjj) > i/-iC.)

inj m iil£LaJ Jiix 4 mflj .-.M .j^~H JJt 4J uj^uLa. N^0« 4'xiij

(j^^-t AS iLxx 4-ijj \ \ i I Cj\ n i~i II ^^Jl Ixl ((jjL^jLo j^a. »

4 4_i^ioJI ^LojJLI jLuux p-\ "^1 ij-v*i II ^x 4 mfl'i JJjkJI uiijJ {J\ oil (jx

(J^J aJ <SJ^ 4 K mi .0 ^j^jax£JI CjLjj^x (ju 4 i*s I mil oM injJI ^1 £-0

<,"il*C .l.,.i ^jjj ^^jjJI 4-ijj*N 1 L I CjI u uJI (3 4xjiJLui.ll Cj^J 1 1^3! I 0 1 i in 1j

4 ojl in d ° 'j Cil L mJI Oj-fl-=>. Ijlj <(_jjLxJI JxjJI "^1 Cj ujjJ LluLuI



i_jljjijjl ^Ufl"> .jj 0 ^ J jjJj J--J (jJ I (j 't^ 1 (LgJ^L-t /j^ j n"l rn eLjfl^ II jLfl

Cjlj-fl i oJI-C djLlij ^jlj-Ji J| p__u ^ " ^Ja-LoJ uK ll Vol II iij^JcJ!

(j-a jJLual IgJLa S_L_»lj J_i (jj-^i O i-> > ^liU'i mil S/\JLuaJI CjI i > nil I oIjx

<£_Li_ij_l <A^j_^J^ll jjljjJI ^ iJLilo oLLtk Jai-iAjj n_jLijJI jjx. <_>"lj

i^a 4jj-LLIj (iijijJI iiilijJI ^1^ II Jla ^-"11 Jji .Sj-LslLIj 4aj_y_CJI

lllji inA-J^a-l ,,.jm11j .ILt__lLI jjIjJIj ^jLjjJIj 4jil__ll oljji^UJI

Jj ^.u) I ^ . .'. —" .IJ 4 <,<->, k-fcj . « >j-,AJ I ,j-oj _jj oLa^a) » 1 1 J-I^^lj

O-p-J (I Q 7>-l_L-[ ijjlc.^ Cj^SII U. ,Xj jjljjJI p La-ua!u i_ol__JI >_9jIK"iH ^LfijJ

LgjLflJL J-o_«_i dJ-» ^ (j >-»l-% "illj LajULi-lj <«_jllLL> L^a-llul

Jjj 1 1 r, J | (J t_aj -ii jfl inll J^a If-Jj t£>_L_»lj -LU-) 4x.Lajl_. 4aK~i8 I w *

<Ui i.ftKn Jj^ll -"H Jla u .nil ^ Jjc j^l ^ii-a Lai ijijJ

Q I Mi'ii 4 t i^i < /j-a S_L».l^JI >_j i mi 1

1

i_)Li JjC 4j»__oj ^-Laj (jj«ill 4ju«^jJI ll-lj-t. (j pLi___^I (JjJS II dlLuij

(_^_sL_JI ^fl Kll _jLj__ ^ _L_tlj J--__i J^a oli-usaJI L__J__cl Jfl i ^"'ilj< II

^yUl 4_-jjj^_U^!l SjLqjSIIj <4_djjll IJ--Jlj «4-wo5jJI dlcl .nil ^_i_lj-vJL>

dJU L&$-« '^rUaj 4j_J_ "ill jjii LiLxa.lj) Sjl-U ^ -I u-xiJI dj-i-a ij

(_jL_rllj 4_i ir-i-ii Mill jjj^LuuJI 4 nkV-llj iJ Loll I qjjJjjJjJIj <(^jajJI Qjjjjll

iacLbt a3^lj tpni^lL i'Iijiai qI cj^-oj ,^1 4j^iLll (hi~fi)

(3) ilj-o-vll u_u_ujIj-_JI <~i .mlj o mil aifi ^>£> ^Llll n (j-OJJA-iJ

^1 iii^l AjiCU) O^SlI dlj^j ^JLUI SjJJLJj 4jfl_>5^ll (,_ij^1l a-a-a.

ft^^l ~ ^ylJ! ijj mlj-aJI Lai .4j_Lo-aj 4jJl5Ij LgjSJ .6 J-ULj CxJIjLa

^ ^jUJI p>=^' J! ^fl?"^ v-jLuia^sj ^JJ^I J^- ^^'4^'

jljj (J ^-^=> ""'
i_j--!l CjIj-UoJJ 4_aj_a£. tljjl Jjl ^^_a t 4 i una mil 4j-j/i~> 11

acljiLU Laij oljjj^-CJ^Ll l_u>--II dji-JI J L»jjjckj _^-aj Lg-Kj »v_>L*J^|l

La J£ -li.u -uj "i! tiiUj ^-a <jl II jj_LJ,l ^"-^j t^lj^ll ii_w.L_.Sll

-S-LoLJI 4JLJI fLiJji 4_> J_XJ



d 5M all oUbo^ll

ajLo ^UJI Jj^sjIU ioN '<^^il al j ml Jla ^ui\ iajliJI oN injjoiJ

I'iU^j j-a^l lj-4>J ij"iLla^ll J-C. iijJiUa iojLLa ^1 ^j-U c-L^iJI Jj^sJJ

^>x^!l (j — ^J-^' ^ Jj "~>^ H uJ^ ^°

f-^Ii J£ Jj II jjLi JllLo 4 I f-^n ")i (JjLS-a C-^Ii J_C J i^ -> \ Lljl

yJL> lij^g j-^ > ay> "i a" ft i^g '

^

Q ** jl jLi^La-l — f-Li^xflJI <3

IjaIj cJI^->J— _/t-S «^ iA-v i cJJjj_9 t^uao^ JSC fl^aj £t\-axu lillaj

kJj^JaJI jAjj /'II ... i ^1 e> i CjLljJ^J^n (j-o l^jj (jl .pIjjj "'*^l

,^^J| \*\. .*.l^ i /\ .-.I ^ I U. a . \^ ijj II , I . ai/M

Kamerlingh Onnes (j^jl gua^lS! Lp^3f^' ' ^ "'"'^

Sjl^aJI i^jjj J^IUll ^,..1 .nil. <L=>.jJ £,Y Sjl>=».

Ja-I ^l^ tiJj <3l *i!l ^ <\>T 5lxo 4.^flViU Sjl^aJI J 4iL=>_>l

^jLcJI J * 1 ^j* 1
1 SjJiLLi ^ ii <i j jjj '

pj * I
fl

II J^l-aj y|
1 q a "

^9^3 '_>^l •

'*'"*• *

John Bardeen ^e^j^ eV ^
<\oV iixu i^iLo Sjjp^j

ijjhii Robert Schrieffer ^Li\jj> o^jjj Leon Cooper ujfJj

*.^VY 4j-f,u tL^ji-ll ^1 SjpLa. jx^J »!->

4-%j")\j <SjjJLJI j-o CjLjjj^J)II Aa.1 Jiljli fijjjJLJI .nil J oljlll

I j*C .^IjjJ^I ^ (3jj^J)II j-o Sj^LJI Ja-ljJ JjJLJJ Ji>-ljlJl dJU

Alljj William Shockely j^^i j»Uj ^ 4iU_i^ ^ \"\iA iLuj ji« \'
J3i ,7,^ ji-L^i at JjjjL,

:

^a, ^ ; .nil ^La^JI Iis, . \ "\ 0 1 i\„A Jj^i sjiU. (^i^iiJ ^L. £La^-I J^- Walter Brattain ^jl^



oLijj^^l 3U <U^k»j ^ ^LiiU ^» wM l JjII 3^ ^i^>JI

3-a ^JljJI t_| . " "•" 'I i_sl£ JaLuj^l loA -I *q I o it I fl it <<a LLsLujI 3j^->

(jl jljJ>l <J£ £ t U" 3 '1" Ulj >l—Jj' tLui».| (J| (JljJJ-
(

_j-OJ-Lfi pLu^vl

4oLjjJ^J)!l ^'j^jl j-"^ (Jj.
SjjiJI J ol_>iU 4j_>l_>aJI oljljid^l 3-0

3-o ij 4i^0 Vitl 6jl>aJI (j -Ufl 4 SjjkUsJI Cjj J-=- Jj
P
i mil

j^-SJ (1
(3
mfl j 6jLq11 S_i-^.lj I

(]
I ((^j-i^ SjLa 3-° >.tl~|-N~> 4ja._>-». S_>lj_a»

4-iJ_>^ CjU-ua olj SjUI ^jksjj oLjjJ^-l)!' ^b-O' J^^j jjJl

<K Wnll Oljj £-8 J^ljH "i! Ui^lL 5£^1 ij^^j olijJ^J'lJ ^jwim

oUjJ j JUiLlI jJjUJI Je-uajUl Jl (Sip oLijJ^J^I oL«Jjjj>l

^ wn"i 3' (J^fl LaJljj\j (^-o jj "i! iiuliJI o"iLuajII (jLi l^->. II tj^iJj

Jfijj Iq lj-^'
Jfl .nil 3-o iZjlidl o^Luaa-oi' lai^U! oLol^lui^l 3^! (LtUj£

3-° — " > ^ I
' •» I I (JLaJ.1 3^ ' -(^J-i-l l <nLl <L0jLqJ| 7 -^j 1 I

^j^S'lj

oljLp o„)~>ji (jjLiJI Jjuajil Lol ^jLvil Jj</-ijjJI oIj ol^liJI 3'-^=k '

JL11I Jj^UJI — 4 U< fl hj (^joj^UjUI JLaJ.1 £-0 ^il'iT) 4^t~>in Jx. 4jj_j^

I
(j
\*s 1 — d » ,,, > Ul\i H o*i! L^-l.t 3^ lfl->i m^-^AI o^Li-ljill j i^i

LoAlt K CiLa. £_u=U (J I ^ II -if/LJ 3-o Jj "i! 4j| ^ULo 4j1a£.

3^-1 tl jLpJI j-oj ^il ^jjj ^5 liLiLi t(^jL>li q^-l-^3^-0 Cc^ Jjl^ J'^°j

(_jjJI 1(3 .mci'i ^LiljSJI ^tl^£J £,A.^j 3jj^J^!I 3I 3I lJjJc

>a.LJl JjUJI 3l£ IjU Sl^iil 3^ ia.^U. liliil 3! oLjm.-s IJ

Mo



^yjJl) uj^Lua^JI ajjk Jla iil^AJUa ^kl* *j! I j V% 1

j^i LliJo Ijl IjIjj (josephson o^L^j

in'il'i rjli >~k t Lxa LoaI'iUii ir>j ij5Li J-fc I n
(]

'i n J£ JjjLoJI

Uij «^jjjil (J^JIb <j>s-j j ^J^^l djLu ^Kjm — ^Ijjj^l

j
Jli\ (J

j5sj »^jLSJI J^aAJI j ij
w>
aJjl &1& <j!u3ljixuj <^£JI l^iil^Jl

^*\lj< II iijjJiJI oLq-uJI
<
_^Aaa1 AjjIjJI Jlaii

45>yvi jJi S^-SJI ^,La_li d>aJ» LaSiC iifljLflJI iljj mil ^n.n'i JjLaJI ^JjlflH



f
laoJJ (jl u^-oj Uj'"°jj^y?- C/iLoj (>a £jj :V-V J£_£

(jj .c-jpAll I il-i"i ml I i/J. i"i1 l 4jj>j>
"

i d^j .i mi iajiiJui i^l

4^.jjUI j>=\$J I^Jaj jjj JjLoJI j LoljjJI i^j^. LUl^ll idJUJ

LjUi^-i ^ja ^Jjj <elj^!l iiL». JJJ«->J J-C-l c-Lt^JI ^.jjl^a. JjLuJI J)l nm

6^0J -(j
'I" "*' >>~j^J pLu3l3.I IU ^ > i^u^JlJI djjl Mill Ijjfc

i<Lulu3 5_>&Llail 4_lLu»JI CiLal>lao ui'jl J» aJi 4 i^fl%\ll 5_>l^aJI ,j\

Cjljjjf^J^II JiLoJ 4^flVtU fti* Jlc CjljjJI J>Lu

4_u3^£. ^ « ir> 4Jj_> mil (Jjli ^Ljjlj II j^js Jala ^«aj IjU .Jaju

liJoJl j L£Llu JJqjju fk^il^JI ^jLi »(2jI^jjJ) j ^Ij^ll ^i-lj 'ljf_>^J ("^

^jt-> > ^_Jjl^JI ^-w^JI 4-i.__)^. 4 n 18 '""J t^ljj jjl itj-uj jljjj LoJaCj

4jLk. A^-jj .(_Jj^.I Jl 4 1 n\ <L)L^ (j-o jryiiij LjL_^jj 4JS 'Ij H

^\v



wn Lq^j .^Jl AtljJJ Lisj ^j-Aj <^JI jvJLc. 3 a ' -"^ II

< 4_ij^Iu m il 5 « oLi j^l ru-wl J_c ^jLflJI J • ^^jjJI
J|

* 1 ta3 ^j^qj <iiLlj j» t

^j I » 11 ^" -- ^j t^Lj iflll ^xJLjlj 5 \j a II 3 .j U\ Q hi ilj .ijj j 1 Ij

pi-. Ihi^nt j flfi Ci^J-ual aS j^Jjj jJ II J£i tiijLjjiJI

oljAJI pic (^^^iSlL (JjjjJj <olli^aJI j»Jc f-L^UIj <j»^iJ ijjuLu'ill jclyUI

t>a-t<al>j iSjjjJI ca> olo^^JI jl 5j>^lLI

L^jIj SLpJI

dLjjfc ,jU <5LaJI frL>-cu£ J^.1 (ja j^JI <L»jJajJ <La1*JI SjaaS!! (jA IIjaj

Jli\ CjUljiJI >l4.V»<:i taUaJI <DNA LjJJ OjJ^t ^
Lawrence ^I^j ^Ij^ ik^J^j oljjLJI ,>> X .-a.^y;

oa i,ui <^iJI pl^iuJI j ^iaifll^ J U4W pLi^I aaJljj Bragg

iJaaJI ljj> j^t Jj^j SjjLa. J-C. cLCLloLLo 'SLtaa. j3j iJ^SlI 5JLL»JI >_j_^JI

LkjLi ^LS Looic \'\\o ilm) SjS^o ^ j (j-ilj^J J^J

Ltujji j <Gl J| _>laiJI Jjj) SUaJI Jo5 J-C. Jiaj (Ltujji j

JJLj ijjullLI aJl^J (jiAjJI JjjjjJL Jflla 'I ((JjSlI ixiLstJI <_j^JI tLul

^jLi/^-O ^Lj_u2ji ^ (J 4'irnro £

)

jj JSj 4a " JI-luaJ*.

Jla .'II uiJ X 4j_iilj LoLa. 4_»_il OjjI a2j iLoLa-j Lluj Lo_1

1

JjUl Jj^l jixJI J eiJja 4,^1^111 0atj ^ olaj aa II

elfl ^ Li-La jji (_^jj| — X 4j_il Jjj ^ I ^l^> (JjjU XoIaj .(Jj^imJI

jjX- -iJ^i ^yjJI X 4 1 (~i I oL»
n«^ (j^^l i^a J-C. — olj^aJbJI 4 *"

» jl_^>uul

4j'\j\ll o LaLml I J-c. 4jaJiljJI J^-ljlJI ^jl im'J j-ala3j <5jjLJI 3 oljAJI



Sjflall ^yliJl lj ^la. >ftjl.l oljjJI J^l^ JOaJlJ bj^J* Jjl J

JLa-o JaLilj J-qju JljLoj (^TV ilxu (jjj ^Hl jj^ijj^J llii.)

4_xxul j^>~»- 4_1q < 1 1 1j_) «ll».^Jj i >ll ~
. I

i

j ^. II ,_ 4, !.'>.) D. Berried

(J-a j* "XII . (jjJI Sj fl all (jojj^JI oLi I d .li.y.a'11 oL^lj jJI J| iX

j^?-J Max PemtZ Jjjjrj-i ^^Lo jUa-UI > -"51 ±ij .aLpJI L-ijlJaj

[>j'm>'i jx. >^*\Y iluJ frljo_><ll J Jj^i SJjI^. JohnKendrew jjj^

^O^isw^jllj lj ig^ m^SlI Jill fr^JjsJl) Qu^la-j).flJ (]
II ^yijJ

4 •% r>*> (o^laj I I (2ajj^>j)

.iuliJI

tjn t mjlj-fl (((^jLijiJI)) c-La_ujl 6^(} mil ajjUm^ll Jjill Jl O-la-iJjl

^j^jaj IjjJa jl jJJI LqjSsj (4_kJjj^-ll Li^v^J,3J'^ SLoiaj (jj^mialj (jxuuu>.j

*iLa».j *^jjUiaJI jjiJI cjljjjina^. ijljj j DNA LjjJJ 2;jJjJ>l jjjLJI

^jl^aJI *^JjJ <4jj)j-> II ^LjjiJI JLa-o ^ i>iJlaJ.I jlj^>JI >_fl^i^'

J^aJI {.jjuA (j^J < «Lua-jJ mjjl))j «frLxoj$JI» (jlj^t " '

^
~ I

(j
m-fl-j 4jj±JI (j

i^ya Si Cj^II jj<-> a^jL^-ll a * a (uTi

^Ij CjIj^LJI ^Ixj Silalil ioL^JI JUcSlI <>i jryiJI O>a.l ^1 ^CA^j'^

5jljI_uJI J ^^oA iilxu .:<_»flj)" L^JiT ^| 4DNA bjl ill) jc pa ,7i^



jjiJiJj^vi 4jaJ Jli-» i l l

j i_i(3 HI <GiLj ^^Sll JJ9>o Qji^jlji CiU <m Afij iLfcj-oX. Jyj ^"iLjJIj

IaLA3 ^pJI Sjrt-iU jjIj
(j /i-^

»i ^fjlj j&j '«2;jJjJ-l uJ^' 11 ias^^'j

Ojj ir->ll (j 4_8jJlj i3-=^' *
' * ' J*N ' J-iu-o tQXijye& (j

1
4 .q'i I yjaj 4j^LajJ I a -"j I

<cJ£iaiil£ j LjjJI Jl 'AfJ^J U^*^'^ CjjI ^jlJI £>U*jS|I o>».

Jj^-jll ^jijjxill v_jLiJI {^^. u.nJalj u_Luajj ,4,loJ, < iiJ I (J JljLo ^IjJ <jl£ 1—
>

J
->»

£-ljJ Sjx JjSl 4jJj k_flj£ 4jL£ j t b\jjj^jjl JJUi 4-ia1c 4 n Q n, J Ljjl J

J$6. v_.LiJI (jj-Jolj toLLoluJl i»laj j cJjJI dJj J <jl£ ^ill

J L^JU. 4-oLjl ^Aaj <j^l <Gl .iLl "Jj tt> n.UII ^Ul £y>

l"i mill ^IjJ ^.LoIaL A JjIj J^. mlilj Ju-»-v .(jjjJ

_i (J~> ^ j=J L^jl £_o t^n") 1 jjij "J ol^LuijI ^jJI >1L>

<il Jjj^ jjxia^wIji Lot .DNA LiJl 4 K m * Ja. Jj^is j .LojIj

ia.jJ <GJLuj Jx. Jaju LllLU JljL llii <G£J (jj-uJalj iLu jj^l

J 1J Mill ^"1 OaJI UJ f-La- (^jJI jljJLlI ^J-Aj ^jjj^ixi\ (jjill CjLljjJLJjl

<lia u (jl
1

j->"> nuj > JljLo — ^jliu^ i_jLj^ (
( *> 5 1 >-> 1 1 Lo» v_jLj^JI

, "
1
\ -s. 1 f >^ /s t /\ i ^ I i 1 1 d i . I I

1 " 1

1

c
* -w 1 1

^ ^ a a |a^a^ — d ir

.4loC 4 1 a \ \j
(_f

-aJI
p
-^ I* c-lii 4)0^ (jc CjLo J^^~ ^jjJI CjLliaJI

iJaa I j l*> o - II ^jl jlSjjlII (jja (jl^ >~> II Lo» j^jjjj>!ii Lo_llcj

4 a ml aa CjLjj 4 U lj (JfljjS iijlj^jl Cjlj-tU ^jl a I ,^.~<CI
(J^J^-

'

(deoxyribonucleic acid) eg ? -^1 u^^io ^j^j^l ^j^J' oA^I



c*il£a .DNA Lij (jA^JI *.ipJI Ij^LLU 4V£^il Sl^iJI j J^jilj

4 Jl^oo'JI 4jlUI

^ iixoLuiSlI <Lo_uJlj ^.^1 c_)Lj^ j 4j3L=JI CjLLojJI J 6jjJa UaU

J"*> 'J il ft j ir<» i ^"tfl'il n ^/ *i 1 ) 1 1 ,j-a ^j t in ft i^jj^o IjjJI

4 1 iiiKii j — Jil^J 51 a uJ>) — <LjUaj£ II CjIj^^LI 4j |ttViM ^jJI ^ujJUI

Ja^ DNA Uj

^kjJl l3 iff ^ ui^Sll <J*aj». (JlLe <(J.a-vll <J£j ^jJI yGjj^JI ol-uj^ cIaaJ

GjJ^. DNA Ijj ^ya iij^ Jj»Ji (jl (jS-ojJ .IflUc. (5«J>> C^L^*H Jj^a- jl

4-L)_>-aJI 4 1 ml in JjJo J-C &J£.Li J£ 4-atlj-aj I
(j

in CM LoLoj J-y'u ^,1

4-»j^-a L^jlj tj-o Slj-a SjjyuS

jf * *

j "j -SLaJJ ^LLj^lJ Cr bl^j «i«JI L^UJI Jib ^UugJI

JA-Jlllj Uj JjJL» J-c JjLd^JI ^^Li-o} Jx. jkaJI jjLS

oLu^JI^ 5JU. j J&l Jx oLpJI .Lk^o j 5^^iuJLI oLbJaIJI j

.LkJLLLU 4.U.1 III ill

tj-oj i4_k^aJj-ijJIj 4-uLn \\ II CjI .*>a"ll ^iLAj 4_L_luI (ijj) 4jjlj^aJI Sjlll

^L^JI ^ UJI Ioa jaA LjJ&Jl Jla iiaSJI jfi^S «j£-J.I

IjLi ,1^, i^aUJI ififaJl SjiAJI J Uj^ll I^u.^aJI j ^LajUl

4_itU^ ^ S^ flu,., 1. 1 oLajLJI QjUf.l

Jermy Cherfas Lr0-^ £-> •J'^^^ .j>J1 >J t

\V\



^ujjjjJi ijaa {jC- i^i-> ill

>_m) n II ^jja 4-i^piuJI 4-ulj^jJI SjLLI j\ i »"j (J-*>- J~t II .4 i » nil

"ill 'IIiaj JljLo 'JjiJI ^LLLI j^-uJI t>fi>>o Jj-o J^Liiil (j f.
r<" j^l

jj)*^" m i_>_^i^!l S^gJsa II jl <4_JI J LO^gjJI (_£_>Jsvj '_ ' ui ' --j 4_jl

^llj^l (£jsH\ oIjLj-JIj " -I'-ljj^ II ^ 4-ulj^JI 4-luJu^I ""j'-o" ^|.\A,"i ml ^yjfc

j^> iS^fljuO Jjl LT\i

4 la jajJl JjJj *.^i>-I (_)l_Lo (J Jju^UilJI jl_>_il j£-aj t(£^_U Ajjoj

oLa-S^lll ,jc l_>*8j iplj^JI 4 mx'yj lb £_o-ui AS ^jh% II jl
(_s

-ii> <LaLjJI

(j-o I Jjs. JiL« i_sj\-*-ij
«
J >5"> mil (j Ljj Jjij ^^l — jlLi^lj — 4jjl_a_£^jl

4_ulj^jJl 4 '"JJhfl II (_ya J » (_fjJI 4j_>JI <_jljjJjiJI ji_^S jlj <(_lJj j^o <(_>ul_JI

5? iff

Ld j£-oj "4 Uj-jjJJ <J±l\ <{-£JI Kj'iKjl JLJI I'lnj 8 Jc J^jjlj Li_Lo-a I n .ti

t_f
J-ij Jj^

^ fl

0*1 (jfi^J *,>-*^ f-(_^Ii (^1 1j£. iX 4_t_uil J^jJ-i. CjLiLlj j^LLflj jl

I

(I
1 <*i * _i ^-o CjljjJI \~*~\~\ Pj^J IjU ~

J
° *' (jl I '"If uli l*i )-> II e-Lij Ju »,'i jl

4J_vjj| 4 \r\ ml^jj Ifl ii^tj jjo SjJL^jO CiLiLuJua J-C-J t 1^0 4 (jULA i_UJjj

pi m i*s II 4_ui_UI f-Ljj_JJI 4jj_b ^ g a 1 1 lauij i4jluuo 5^5 LjJ 3

j tr\* I olii oi jJ Lo-o jj£>1 Jjif-io'i 1

"* U5\ll t,j_cti "-^ lie. juLl

New .- .1 ...j u JjaLi JLLo (j oj^iil Saj tj^Jj cj ijj-oLa. "uK

(-UI 4jjiaj jj^f 8 *^ <JLa>fi j t>*\AT jljl/^jU j jiifl Scientist

jl jl^ 6^ Lc

C_-UjI_>1I --a-l 4 l^jfl-w dJj jljl jSj ((.(jjllflJI jl) <_J^>JI <_5^5JI ililka^a

4-tnj'^ll 4jj_>j \jy <± 4_L«_?. ^jjl J_JI Jl _>5^1l ^^cujl^l Jfl»ll IjvA j

^o /iij "jjl i_i-%jj tSajiiaJI <Lm1xJI ioJtiJl^ jl£Lo J| 4jjIj^JI

• - « t
.JLiJI cj ila^jiLlI i_jUa_*.*iLil J1<ij UjIK i-ukjf jl

^pjlj *;4!"lj^JIj j-iJI 4j^l*xj i_»o tlllL^ ^ J^" 'j-^ll j^' ^
jl £lo!l jrj^l j-a j-ai .5^11 &ia> LLuilj laLuJi\ jj^j jl Jjl

.Jeremy Cherfas u^U^-ij ^jj^. Man made life ^^^1 j^-o i> ">L^>JI
*



^jj^il ^jjK II DNA LjjJI > °1 J| ^jJI c.1-. Jl ^Ij i^ajjj^i

tdJj <j£j |J jjla. '^I_>j <_>ujlj^il (jAxo^l i-sl^ii^!! ca=»-j <^>?« ±&

e.

^ ilaLuiAj J^Liiil ajjk jjl ^ «UII < 4jja.jJjAiJI J^LiilL ^ KM^ij

^ ' S i /s oIjjj^. (3 oljjJI (j^o 5 jljcl ^ " ^
~

0 < in \\ Lai ^AJ (j <Glfi (_5.UI ^jLxJI j ila'JI ljjk {jC ^-CkljdJI ^C. I,U3» ij

1 v ft If- (JauJ d__£J I » ll"»<\j ll^j I in-s »i cJLui Ijl : I g \n jjl Jjl ^j-ijLs

Jj-ojj Jjlj i4_JL=JI LuLi^k. 4jnU II ^LajfcLuill jajfel (j^i-^ I i ^,1

J-fc » J „. tiljli <i_jjjjjJl J \6~\ ml I (j LJJalxJI ^ .lo'ilt jJoLi^aj

(ulj"iLil JjLa <_£>ij 'cSjill aj ^ojljj^Jlj iLiill) iij^iJ) isLLJIj

^ I ^yjj I (^jol^oill tj£-JJ ^1 .<.*»" a)|j VI. k 4_ijjl) 4_ijIj^jJI d ... IIj

lIijII d_a_tolj iLii !_>_=».^J>^J I

)
jjjJJIj *>.«%. 1 1 JjL^i^ ^Luuj^jl

(^o ^.a-I^jJI d . Jf-Slt Jjj^Jj Lojjj
(

-^"^Ij 4jjj$_iil iijijJI 4ja.l_^JIj

d i^LUI ajji ^_luI (J^ |^ ^ j ^ (^1 L>^^-) jl^-> id_La^_JI ^ iLi^,

>p A. d_j ^auu Lojj (_jjJI ~jl* II £\>* 'j^-ll l*C ul^ .1 f> (3 ^J^-1^-

"il lia.l £jl i_U-»3 Ldjl jAaj ^jlll Jtljill J «<iL <
(_J

-o^-ll ^dLJI ^
(iixisUI <LLuJ| Jj)Q»ll J"iLi. Coia ^jlll CjljLaj^JI .Jaju IjU fl i

.

Lr
«£-ll Ull i_Uj>j «ljU» ^ (3 oj a^.1 <_sl Ijl La <ui dj^Jull

t
jAi

5jLt ,_5jJI (3^^! jLr-"^' jAaj j^_uJ <_>Ij^JI Ijjk (j^o 4j fl ill (jxij^j.j /jj

».) (3 ^lVillJ tial null ^-aj~>"l La





«.LgJ$A JaLaJi jjj JaJI J] J*o>u jl jx L$J





4 Lqjj^j — 4 ijj a a 4 ^ Hi's gjjj^jLgJ jjJujJI j»*ic I J to fta-kJI CSJ-1

(j_>5-ll Jya oLlijj^LjJI «Ixo "ill La (JSLiiLi 4_i i_i_/\JU |>-1 Lajjj ^Aj>*^ (jL>*'

(3 J ?- * Q '
'J*^ til ^^^s?-/^ ftj

0 " ^ il » u -
"I jljjl

J^s. ^ g nil! 4 a lit" ^Jb 4_tiuLlil CajL^j ^^Y"\ J^alil / j\ cCw in

jl£_sLi i^jjiUil i_ljLuOJ Jjfc ^y^jjj^ij J^J Caj

ill I")
L
yj-JLJ IjLai lia^jjJI ^1 La 11 <j 4j'ii*t La JiLo iijj^J.! pLj,iflJI

i) jLxil £j^jjjLa _PLujI Sjjiutaj Lo^juaju iji-LLaJI (j-i j-4 iajj <j^-aj > fljS

j

pq- qp = h/i.

J uSj'ill ^jx. jjjli ^jl <JjIa1I

Lj Mifl't S-lcLiiJI <ft jh^I Lajlj ^jj£-> jl iJ 1 (^p) ^>=>-"

tjJ-a^JI X 4iLLJI ^4 llfli JjLttJI CjI-I^-jj 'ft JlLo <JjLflJI ol-l^j cSjLuu

(£) iaLLJI j^JII ^ya oLrytlll &j-a> Jlo j-o >i^1 ^.L^JI gjjJf Lol

cJljLa ^j-a^a-JI LiiLaJ 2 ,< , .,,\1< II
^, uaLall ^1 gjjjjjLa Jlia .(t) ^jJlj





(j £j^jJjLi JU La£j '(^aII SJoju oI'mo <A"i gjLjjJI

J£-> jvaUJI l_9jjLi Jjl ^jU'.m'i ^ Lul» :«-lfj^JI j 4jL^

jlSLi^li 4 i.\ ». ^£JI <jjJtkj jj -» ilij -». llAj ((.IjkXa 4JI run's 4 1 1 i^-iUu

i^j J-> < in La J£-» Jj
1T1II ^"s nil

Jj-q 4jLi Jl ^-^oj^jJLjj >4-tS-> "'^^ II

(jj^Ljjjill Lol <(jjiJI j 4 n 1 m-v J£ «U^j JJj^> Lifl_>C Ijl (Jjjjuill

^jU" Loj ^ Hi) iixa. L$J
LS

j-«-o "i! Jliil Jjllil II* SjSLi ^Li ^^a^J.!

KjjI£_JJ Jj-o jLjlaII 4.C.13,^11 £ijxuJI J£ ^ Lj-aii3 i=*_i3jJI J-C

'II in n (jl £-0 Ijjfc <dll_>JjJ jljclj (j!Jjj^-^jjj-^j^l^'-* oLfljfl'^QJ

(jli ii»ojjJI fJLv) ijjLjji ijjLLo ^1 5jL\jlj ._."»~"« ^jJI dljj j

iiUc J| Cjjij Jj-o^j dl^j (jl j^JJil (j-aj .iop"iLo JjSri\ 4jlij jjjj

i»JU^=JI JLatl

,-^3 ^1 j £x> pjll j-fljlj 43l N \ Jj^l / j\ n ni.ij J i£lil

(j-ojw 6^ljj JjJo> J£ ^1 SjSLi jjkj — ^jjj^iiA.11 (j_>iil (j-a (jjLjjj^JjiJl

jj iljjl JjS'nitL. JjiiJI >J J» j L^alj^-u.^j — iiudl ilda^l

J-t JjL> ^L>. i-iJjj j^Lxjj i^jiiiJI j^ac oU^Lxj (>jjLj ^Jl 4j_^Iij

j5j <6U3"iJI liA j oSj>=J.I Jijil ^J^ 1

if

4jl3^ Jq"),uuI JjjJ (jLoj*Jb 4JL03
<~'J

t(j5 nil CjLb^Lxj LjjL ^Jl



JjSl _ I "^ I i lift jfl la I

fl
iLijJaJL «^ II Kjjl£_j-Qj 4j_>laj))

^ 4 i . 1 1 j 0 H jll J'-- 1 ^Lill iJjLj JULoj . jLj^J I I jji £Lua jiLlj

SjjLuil ljLt».l £-=».ljil 6 j-li JlC I^Jji

j ^-jMUII jLua tiUJ d^r.-.j <3_iJllJI JL^bU (*JLjlIII idii Ijiilj <^jjJj

Jjuaj (^is ~j s u 1
1 Liljj Ijl <jiCJj <^Lil!l ^jc oUs^Lc Jl ^jJj alvll

djlusl pl.tA." ...I . 5 '" II fl->Jfl"tl Sjia^oJI iijjioJI

llui J * 'j . oLjjjr^-!^!! SjaLoJ, LaL=>- 4j_iil *_>^lC .tu^jlCui
^

I JiLo

Lo Jl Q 1 1 f>3^ ii2 tlljl P , a ,V>^ " I . >lj^"" ^ ,>a"l I 1 ill J3JLJ

ijjLjlaJI ^-mj J_a JjlLj I »a U\« Sjjj^JaJLi (j^uJ ^ U lli !4_ilj-JI t_| 41aJjG

I

(]
Ijj^qI .-.a .Vt<l LlLi^ Ctil djLuiJ ^ (_^aJI lift >^oH &j-uj

LuLlxuLi ^jA^5\ Jjl II oli Li-LxlJI * ^j^j lj| tJ-C-J .^J^-uaJI

fljlj.ll lili> . _al A."<l IjjJi ^jl Ijja. Jjfl t 1 1 ^_ya 4jU II ajl^ JlC

pj^iJI a lj 1 1 fl,«iC IJ > o /jjfi 1 <i'^ <6jLuJ

(_f
iJI nCj's j p's JjLicI j pj^iJI ^j_>*j j_>i JSj .(jijlll pJt oli^ljJ cj'Sj p's

^jj^ajl aOii ^Jl^lal 5/i ioU e-Lij»^l l^tt^u^n^J t^^a-lll ujj^ajl (J^LaLajJ (j^^JI cAJjj^il 4£.UJiJ

.^ijl 4j_jliU jl * Lo>jLLjI ^< "II L^jl t( N *\ A \ ilwj t^olJ tji-"l^ *<il>^JIj SjLajlU ^jj (_jaj^q15)

.ijjL^o jj^l JLa. (^L (J p£JI o1

^ jL«j> j ^ij>aJI a^A jljii-l jLi <
LJ
jJt^ J[j



lik jlj jJI L^j <_)Lul> ^pJI 4jo t'vlL pLjjill j lla. iiiii pLuil

i^S-lL! I ^Ac otS^Lc 111 , >"j . J,i5"i..i,Uj ^alXI i^aj 3-1A-> ijja o ((^j^Q^^

LjjLfl 4jicj i4 «* O-SjJI ij 4^j-aJI 4-i.o^j iflj-*-0 ^1 Ljjl

jrJX. jjij j jailJ ^1 i^>1 ^LUa ^jiiJ Jjfl J inlLfl ijifl'i inlL JjjjJI ^J^"' ^

ijjjbJi ^yi jk^JI K i'iK >rt -itl^S jLLj JiJj (j 4j£Jj . J^j-o

lAaC Ln i ix\ II . (JjjS^JI S^jji. 4 i n*\ j j-^^-0 J 1 4 t f 4 a Ir. > mi^> 11

fie. *
k

it <j£!j|x j^Cj Jia o _/ax. Nl J ifl"i miIIj .*J^a ^oLLI (j £/jco (j-oj

(j^o — i^j^Jtj ,jl ^j^ail (j^o» ^j^jjjLk il^aiLo SjLxj-ujLj .1 (j-il ^ys

Ljjj\a £a LqLoj ^0^1 I j-& _. ...I
*<"

»j "4 I » .^1 n" ^aLll — lj-iil

J >o"i 1 11 A Jl ijjjJLA (_j^Lo (j^o \ V^S O )"> (j^O <(j^o^JI 4 » 1 1 U ) 4j^jjJI

Llilj -b-ij (j^-^il ^JLc ^tAifl (j 4 > ...I 4v0^u t Jj)0 fl

_>J^Sll 4"! \ i « ^j»al ***> j iJS^ jxJLs«JJ 4 la-fc^Lj (_gjJI (j-^j-H ^ (j
<nj

.jju Loji

CjJ^j Oj-fcj .CJ^Jl jA» i l 4jJ| J^wa^JI JjLa-f <jl^ <^jJt floll 3^^=^'

iZlju La^lijjuo jI^qj *il Laco S^jjsJI 4_i^j u' 'a^pJI

.LlAjlj L^jL^aJt-i ^ ' La (_JS_iuj <£jQ^aD 4 1 \\ ci
<\'\ pi n m Cuj^ I

j
l^g



L^i ULkiL

P P P P

<LojJcl1o jl JJ '
y">"'*' 4 i*s.i m^^JI tLijjjLlI 4jl Jl j^j jLluI

jkl <Afltj^ CuL£ Ijl Lac jU'ill k_S^aj icLuiJI J!Lo Joaj 4jbLljjLO Cil iu<n>

iojlilil J Lo^iil ^ Jkljlj ^kLiiil jU pSJI pLj^i j LI ^

LliLi ^i^il LjJLi.1 IjU .J5j mo jj^j^ <ull jtVn

'^J - (jn'v nJIj 4^j^JI 4jft^ (J jti ^.J£. j^a JjjJLI jjJ»J ^ I 4 oj m-\ II

CiLa-ui jc j-*^ LljLfl
(
jAjL^

l
_yu\ ifl I d

<
j -s. * 1jl

iULo jl i3 <L^al.Lj 4.<u <n-\ II n iii jc i-fl m^'t 4_>j^>Jj J_=*._aJ "ilJ .4 n i im-> II

(J iijj Cil m*> II £^3-0 wiwoj 4,.)^ J <n^L^JI eLiJ>jiLll (j .1

Jj t^jlaluij "bLi ^£JI *L»jfi j Lai <4ijJI (j*1^* Lj^Luaj ^^Jlj jjlSLo^Jl

LuJI IIa

|kjjJlj iLfcljjLa j 5"i nuj jL£iSll 6AA jj) UXiJ ^L)_aJo Lisj j^ll ^jjt"> ml

* 0 *
fl °J ^ Q ^ J*"' lj Ijfl

"'
O'.'J^ ./ i" fill 4jjj -> 1 1 CiLa-mJI (,^1

^L.i'i jl Jj "il j\ '4 . .jj-v" d U^\l ^ ^JLc (^jJi-J LoJ^C Oiaj La JjJ_Lqj

L>£ f

I

jjjj
<_j

jJI dxLuJ! Jl« e^yi jzvjj j .4jj^l!l (j-o SLti

SjjJI Jl ^.U-.mm ^iJ>^:iJ, U :Luli ^1 L^JI

jjjJ^SJ^II jUill aic fJ; A i5LU (_gj"wMo jic ^37^1^11 cS-A'

A ^j'i ml I ^_ya jjOJ «i5 ^j7\SLl^l! ,jl J t^'i'i Lajjj iB iiLia ^gjj mo

^ft 4jL ^1 (j^-oj "il ^fil^aJI tj L\i£Jj 4 <ul1 Li^Jaj LuSl B ^jlutil Jl

jj^'ii ^1 L>£ Lajlc tliJ-^-J LaC. t^jii (_^L Joj jl ^jU"> uu ^ t4 .. i.O j jjj^J^I

4ujJ^j Cj^IjLxa jjj jl c-ijl ->"ill 6 jjJ) jo 4yolau ^ tin Laj tjjJ^J^II J|

alcj »La ^Uii Jl Li^ lil A ijU)ll Jl J^ J J^U j> ^ ^1
Lac iL .» j! ^jU'wiu tB ijL.^1 Jlc Ji^-vi ji iiili 5

Ijl B Jl A iJLJI j> ^.Lklll Jjusj^ jl .4j| ^kii L^ Laalc

\ AY



j_=>J> Jjj-i i.jljj^irtl i_i 1 111 <^jJI ((^^jjlIII ^ II c_ujJI» Lol .^JLxS dlJj tii J-a.

^-4J <<L>jjaJLj| ^oiul (>~ia I't^. « <>JL>L>.| J.C. Ill^AaJ J-boLaJI j^ul&jJI

LjL^klj <o5jJ!

^Jj^ jl Sti>pJLaJI Cjo iaaj <^jJI U :^-a> Jl^uJIj »B SJUJI j c£>=»-f

"jLoLoj o ^j _£X frj^i
_J-&J

4.1La. ,j-9 JLojj*JI liijakj

dll4 jjl ^ryil <^£JI jdLxJ 4jjjjLui <La-u* ^ 4fljfl7» II (j 604j

<L>1 Jj ,4j| ^Jiii U-UC oJ^J^I 4,Uoj 11 Ijjja.

"4 Uwlic iti^u Lot 5j£-0 LlijJ Ci nnl 4jl > Luu^j Lajjc LaLoj 5jrt_aJJ

.4JI ^lili

j£j OJj MI^LlJjiJI jjjjl 4 0 mlfl)) 4jLj£ j tdli
Ly
iAJ 11 ^1 jjia. i^LjjjjJI

1 1 » fl^'i > Sj^-jS 4a_jJj jjllLa — 1
'» -jl (_^o 4jqJju La — 4^jjj La (jl (J-C

*
.

*

JaLuiJI dJjj mj LI .... j IfllSrt dJj J_c "JLLo

:jjlajjl Jli ^Sl^iJI jjjijjj I4J 5 .*.".<L "L]| iau^UJI ^ a^a, J^i

dtp. ^Sl^lJI llij ^,111 ii^all JLoj ^yDI oL^ail JjJj "il jUu^'il))

(S^S* yijIa jJI ^uim ftljj Lo JSj <BjlL j-^-l L&jj S^jJI 5ljj jjl

JLaia.1 dljJJ ^Jrtil ul J| UJJ^J^' u*-""! H J^-J-0 J[

oLaj^uLaJL ^ r, mi U jjil jjc ifi^^JLo j».LSjl £> jj}> JjajLjjiJI jjX.Jjj .dJi^j

(jA* 1 (j ^^xfljJI (ivJjJill 4^j^»Ji) (j*^uj J^ljj j\ infl'J 4_ij 1 1-> 1 1 ol^xjjJj-jjJI

« ij^lall Li Li^ ClxJ» ipjlaJ jl Jlij
<(J

X.LxJu)|l >iKa"JI Ci^Laj



p. p

JiLa ej^-iiij SLflJK <7il i .4 mi^ 1 i_j mllll Jjjijill £ ^^jAij-s'ill < i I

<<jJcil^JI 1 j o a " Sj^Lfc illicit d -v jj j-^. Jx. ol ij o-^'ill ajjSs

t_jLi£ l\» iTi Ijlj .^£JI jJLc. (j Ifl-^-jJa ^-oj LoLoj iljilx-o 4 \\ ml I
'><

I

o's-l^a S>AC I (j ') a ^-"f 4-ij ^ i ^.LlEJI \Ws fts 4 -> j~. i dXLi^jAaj ^Jl 4 fl i^ij

<Ai (CjI wn^> II (j-0 lA*-0 £3^ J-C Cj lyvjj Li iiiO"i ^ \Wi in <

tdls'ljiJl (j-o 4£.j^-t II (jiLflj Jx. JiA-^ 'i tUlx. i flir^aJI ,_>iiAj »iAJ mj SjjO

jj^I <jj^J "if Lojjj ^Li^l ,j I4K CjI fij in-^t II J^Jj-aj nifl'JI (j^Jj

pi aj im?i II 4_L*Ju Lo_a s-^L ^1 (J-C o"iljL*i.l LjJjJ "ilj niLujLalLa ^I^Xa. i^ya

JjlCj IjLa J^ij <jl ^fJaj ^ Lj^ IJLi -<jjj^f J j Jl».I Jj jJ

JLjji jjjjljJ^ <4_kic Jii^->"| La ^jJfc ^Jl ^xJlx. (_J
6l_p Loj .^jj^-ujjuJI /jjiJI

ft ft ft

j_o 1 ^ j^ii ) ^OaJI 4£aA^_o (jil^Ij (Jl 4_lS J-aLj Lo ^^taalj >fl-». s-^yL

>_ijl ^>"ill
(
_jAjlj «l U ...1ji fl l^i

^

*

t j5 JLoat 6JJk ^x*. t II f-jjxJj

^Si jij t4 i'i
5"

1 1 Lajjj 6 i 1 L^ ) j « « £j\ fl'i ifl JjLulLij jjfc 4 1 iriU.1 4 '1
1 1

1

ft ft

\A1



jj>.IjJ>I 4_i (jjLaj (_jojI_i5 jj>.jx jAj KtLjjidl (j (jIaIxS CjI

(j'^- P ^ f
Lt BBC OjfJ^ J ol°U II cllj

^jL^^i^ 4jLLaC <La5 (j Jjl^j N*\NA iliu (jLalii jJJ < <( ^JiLJ;iid I (JjlUJI

4 inLjjjJI || ^ ml idninUI'iiA
Jjfl*^ II ' 4-izal II ji^JI 4 -> iu\

J-C. (jl^j .4_UiiLoj^ll atl^flJI J$. Ij_lujIj ij»£JI IfLuK xr> (jitxul J£ £-a
l0^-

1-"

Jl^jH "iJ SjjJaJI jKi^ll '• --^ <SjrJ_iLo 4l*j (j 'iLoJLj <jl dl^JJj ^j^jJjLa

I

Q
.""j"' 3^ ' " ^jj (jS-ail <3^j) <L».LLo jiill tl^ifcl Cul^ -lis

J^L) <jl£ £y^a» j SjLi)!l J-i^J La (jli « LriAj JJ)<}? "J

(^ijlll jkjc oLflMx. (jl — Ll^-Loj JljLo g^jj^ajHj — <Jjj£JL 4x.lplj

^jl n't \ i J-ui^j II ^ 'j j_jxuj j 4 mfllxo <3 c < ill i_i (xi 111 I ^jl^LLI

^ g «nfl*iL ^U'^U ,J! taj > jjj jJI — 4"i i J-> II JjiLaJI <j (J^oJaII t^Jjij

iiljj iki: J| — iijLuJI JU^I jKil SjU:l ^ "^Jj

^j^n ,^>A. 1

1

j d'Aj. A I ^ a t ^j^l II 4jca.j«o (^j-Q (jj^l 4 a ^Lajji JLa

J^kJI J^iJI ij^^i f£JI 4jjki j (^Luj^I j^altJI <jl» ijxill Kj\K_tl

Laj> infl'il ^jIUa J^iiu 4tu»J> ujua ^4 1 .-v* uxa SjikUd a^Ub ^_yi ^IjLL ^jJj-ll

«.^UI n i ^iTi L^jLa j-sljJI <jj <|a£J) K .\K i ^ L^jij i4 i fn*^ 4^jjJ^lj

<(.^J| K /<K_t^ (j 4 < m_njJI t_ijl_>«JI
>3 ... (_)A«LiJI ,\j-^JI

La <j cJjLa. 'jj^l IaA t^ya JjSlI diijJI (j <
>ajLjAiJI *loJa£ Jloj

iijuOJjJI SLiJI JjJj-OJ fk£JI jKjl ^jril £jl Jifl ^jl'l^ II life (j Oj^j

NAo



.
^ nil! jljiLal

jjl La£ ijiiJI flJLc (_j 4j^L^j ^jl j^-aa 4_ma^JI t3 iJLiA 0*^3

clLu-i - a i£ ^LlujJ ^1 j^La. > ^ <i_S^JLe dgjuli j^l <1 (_yj-J jiiJI ^Jlf iJ^Luj

(jl"i mi jaAi JLlAj iiSjjJoJI cLtj (dLuj 4jl <*i^*j La J£j t^JI jJLt

oL».jilj (oljjyiSJ^Il) CjI Qj ma II J£ <jl ^^Jh jjill :La$J ^^lil (j^^-o-i

4_iiLll Ul .4^_iuLolo <u*JU1 jtl^ii .Lj mfl'i iiLjJoJLi dim" (oLjjj^iJI)

Qt't'itl IjLfl i!j^.lj Lua-oU. lliJti dLlA jLfl i^Lajoi Uij^j La£j <4jjllll

LojIj «La.^\i> jj^Aj 1*^ r>l^ >f> ^3 ' * fl3-° c?' j-*-" Lq^j» <Gl

Lqjj — La SjLxu Jjaj 1 ^-v'tll 4_ij^>jJI ^jj



ft & * e

(jjSij jj! ^^SLal l Jjjo jl i4j^lil! |»^aJlj t^ubJI 4ai£. jj^Aa <{ i^vl

Ijtj i Laji <Gui){_)jij 4jJc ^jlil! jL^Jil ,ji^u tUil^c^jji li. oLu£JI

J^a jjjS-<s >. i >">
Jo 5l t-ii ft "SjLS-uJI jJuj jis <CiUjJlSJI J^=kj (J tj-ajclt

^pjJl CjUjJ^J^I JJC jLwJ*i cLuu La£ 4^jjjsj t^<u Jax JLC dj^lo

JaiLaJl jiwil ^LJl Jx.j iSjlLoJI Jx CjwWj La La iflj^Ja

<J\ J-uall t^jJkijJI J^Li *L«£&I bM> jJJA (5>iil .<Lja&I Ctlj

f.

S< flml^Jl (J-uij L&oic ^.V<g>i7» (3-"" ^SjLjLuJI

J*iL». Lftjjjjs jj£ CjL^^II Ij-t") i ,8_t^ 4jJj (J^ mil ^jja t^^js^jjl LliLc <j

(jja 1 nKV)..a 1 5 m i 4oj^a ^wiiuJI (J"^L» CjL^^II j»m*> i" <4 aieujua Cil^a-o

jj^i CjLa-^it JiJooJ 4-s r>'t i_sLiSJI Jjlo Jx. ^1 »_>flllj |XaaJ1

SjLLuJ! Jx oLa-^ll £Lcujl J,Lfl JajUJI Jx C^aAoJI I'ii-^t>. <.-ifl*i

i„ii\l.l (_j^5SH CjL% Jx) (jjSj <4^aJaoxa <Ja i «,»„» ij^juxt j^JC1sm»

i^jjjuL^JI ^jja Jx CjL^^II 4* ni Jijj i^j-a^SiJI 4\il L.ni n j^^st jrX

dg ^^TlJI <iLUJI 4j^aS jjxiUfl o ^Jh j^ylJI i4d3k.^II bXui lwi uiLUjj .^LuJ!

tSoA. Jx i,iS ) (Jii *S]L>La*La ULuu t-S"ij <// t4 » mil jl ^L&jj^tt ^jjji ^a

tljjS »* jjlSl ^ j.ioj m jjj^uiiJl jjLfi La.j"> a.n ([^uJuJI J^o JS (jJ^Li LaJjX ^jiJj



J^Li. _y> Ijl I
(j

irifl't d 5 !j U 11 . ,»ll ... « ^1 jjj^Lo LL ULu " »"

, fr * c.

2^ L^J ,H 2 + J
2

I=(H+J) 2

I = H 2 + J
2 + 2HJ

\AA



A

B

jjkLiiil j mill -iaUuII in'ill

JjJ^ i Lo-U£. C Mill .la.1 (jj^-l Lo-llt

La. fl o (j* 5 ilj I La. fl a ^»-^l I

J)
uJ I J

I

oLjj^^J^L) 4 i lu-JL Jl&LluII
J)

ouJI Jjl ujLajJI ^jia^oj :V-A JS_tu

J)
mill I j_£> (jLi (( La.j)"i 0 » J 5-i 1

1 (jjlS-} I fiij'if. < Cj Lj^jj3^-1 Ij

LxiLi^ (3 5j-A-J^ -.1 * . ...-^ £ II (jiiflj d
'j a "

' I i fit '

^ll-ii LuiLujj ULsj-o n i >Vn 4-1j -<. " 5jJj-ii 4_iIjJlj (jLajuJ) ij ' ~>
"
)

<L>ja_ajJI

J-ojJL St^lo-o Cj-uzj jlj iJajUJI J.C Sj^ajll ^j^SoJI J^=>- AjLILU

j5j <«Ja.ljlU J^oJj-oo ^1 J Vi ^jij t(oL5ilaJI i>j-ii> JaLiiil^ uil m< 11 jjt

^ iilLL« lalocl ^j^ljJl J'bLi. .-.1 51UII ^ jot ijpLLI jjo j^j

5 J mil £_1j^oj J
i) icq LoLoj JjLttj «5jl"i in1l» JjJ^k Cil fl ) till jl m" 1 1

J)
icq <jLi

i?v ic" II ojfc-1 L° ^ > c- O^J ^-=>-lj i- 15"> <jL£ La.^'if. pU.1 iZjLa-ji

"~ t LjLu^a JjtiJL (j^£-> 5Jj^"ill ij
.-.1 51UII j-tui (jLi La.j" a

o

i LLa. ialalll j jja. S1UII > U, » ^j ^ li/ifl'itl ^ ^jLjJI jruljJI

^jj^ jjLi iiSLLJI S.ia.j JIaj iLLL ^1 jI-»jlt iilUJI ajjk jj

(jjfZ-i aJ Mill



j^jjjjii 4jaJ ^jC til

(JjLflj I ft ft O (J^ljjJ Jl <Tt Vjl CjL^&jO Jjlj > Mill (_J m4 <ij J£

.(r-\ js-aji *m uU^

(J^-tiiJl 4jj^»Ji Cu^>l 4ft iQ 11 c3j *Cjl-jjJ\SJ^!lj e^x^JI ^IjAZLuiL I g miu

(jjy^J^II _>a»J j»J .CjLa-jli Jlxo (_j Lo£ Ui i ^I Li J^jjja. ^Luijl

til t I 4 . ...*. I I .
, i

j

I "i 1 1 p\ .'"'* (J^Liii^ illLiA — I j ...a\ d a >j U.I I %

oljj j^c oLjjj^-I^!I Ajuil qj uill iJjLo^i i_jjLiJj oj_>^1 — ts\\\

^i. ^iLjjJI <LiJ J| oil j LL>Jl« JjJ=JI jjniil <JIj-s II Sj^llL

\j ' a II ULuu ^ LoLaj t-j i^\ll ,Jjja

Jjj^_o O ill . JJLj IjLoj

J »

a

ll oi^aJI (jLc^ -^j <cjI*< >^ uoj L^j Lo j^tu jh'i'i I 'tVs Ij
t^SJI



tja Till (»ac^ <Cu3jiJl

^jj^J^I j^ia uU La.il d .jIU/s i^all djLu .AC-l^fl ;0-A J£ji

<^>j Ul j^'>a B jl A Jl jl^V' La^ic <J ^1 iB jl A sic

^JJ-^ el-Jjl 4 5 lfl-\ II J <j aj^^l 4 U B * (_jAJI La J*iil A-sJaluij

<_>ufls ii=fcjjs Ip Cxil^ IjLfl t (iLL*il I q B in" 4.n.» uia. ^I jl) Jjjj^-NLi La

jjl lA^J (jl 4 laj ixu Sj; !•*>-» I L^-jlj tjjkljj l-^jl v^>*^' u-°

La ^Li* j jj.^JI Jj^-J 4JUI^I Jlai ^Li

^Ul (^KiLi ^aJI C£^3 t^jiuJI oLiji&J)!! *_s^l £*S£j tuyui

\±&j — (/> 4^ja1I mfl'JI ij« " '
*- " <Lul (_>u-ujI J-t 4_J| J

J£J oiaj (5AJI La JjSJ — ^^-la 4 tlaC j ^JajJI Jjj^oj ^Lg^u} >*

<L»._a-a (j^alij ji — <L».jll ^1 4_iil5i 4jj j m >

p g fl'i (jl ^ \ i— m*> Lul

tjSJ .j-wi" i.fl i^alLs t_^a.LaJI (J tlft-lftjJI J
v
j 71. JJ^-II ^ ' l->") — cLa

t ia.^ail 4-hlu ,_j^jLio^. <j La- 1 u3 ^jj ^ILa. d » ...-^ jin JljLa (jjj^-l^)l



J-t ^jijjl J-=».l LjjjjaJi JjL=>j (jl Jj'S oil (j-oj <t> 1

5
~> 1 1 J-=».l J^iLa.

SjLLuJI J_fc jLLslII
J)

in'ill J-fc J *' Lijli ijUj J» P*« Lejjcj 'IjjjJ

J)<n'>ll J-t Ji<^i-^*< LljLfl <LiLa ^ i5"U ^Ifl ale Lol iA^j^l i_i 0*t 1 1 ^jjLaJLl

d! j (>a ^ Jjj t^yaLuajJI olfl-Lla ilLa. j la£ LLa ^^-LuuJl {yt gjLlll

Ji/^-t'l (JJftj luj tol^all ilLa. (J La^ Jj».ljjJI J-t J 't . LajLs

Lfcxi j^aj ^1 ia-jAlJ oLij^^J^I LilLjf ^aJ Jls* jin'tll J-C.

(J fi-s '1 (jl ^ < mjj ny, ifl'JI <LajJal« J^L* 4 \\~* I JS[ JcJLs -S-».lj (jjj^J|

^jLJ . fll im^ II Jl JuOJJ J-=JJ J^Li. ^n.l m ll».lj lSaj^J| (jl

(j-oj <CjL»-^aXI Jj i-w J) m*> ^o-A sLui^JI 4_uiLui ,J-C. Jjj'C'i 1 111 (_jjJI j «" >H (jLs

iljlo-c <J>a>J "-ill Llf>^l lj] >^»lj>ijiJtj CjLjjj^J^I ilU. <j 4jI j££ll

^oJ La£ LoLaj Jj i-> II «_o n"u J) mi'i I g K l$-> 0^ 4j jTi~» n 4^jVi

^-iAiwjj t^_)jl J^a 5 J-^.lj <j La-a JJ-«J (jjJ\^J| 1 aJI I J< I » j5 lj£

a».I J^iLi. fcj^c. Aic- pLo.3.^11 (>jljiJ jjilll jjSjiJI jl Jjilll (^jJ^J^II

^ t -

.^SUI Ljj (j (
jJ^jxl3l1\ IdAj <^jjiu j^i-jl i—i5"J I (jl

J^ulJU SdJj auL J^Li. JLLiil iJU. (j jjjj^J^I (JjIj Ca^

(jjj^J^II jjj-a ik^J ale k_J^£UI ilLaJ «gi_\^ i^illi) jjii Lijlj 4_iLiJI J^:
f. f.

JjjLllI :4jI^£. ^iSI 4 ~> n't 1 1 ^jLj 4_t_j^JjJI CsIqI ifiLo-a iijjaJj ^l_>^.| Tif.j

4^JLij <4j^La. ^jja (j^a^^J^II (^t tfl" II ^jl J,)-^ iu!L> Lll fi uu I n 1 n 1^1'

<J\&. l^jLt ISLiui-o oLjJ^J^I dicuj IIaj ti ^1 -"<ll 4_iLi. Jl J.^jj j^jljJ

(_.t fl~i J-ic IajIj (jj^iJ^II ' I (j
' uAj j»jruaJi 4_j^ajJI SL^-kll (j ol "j."'^

JyuiiN (jLi jSllj (Aa.lj jt <j Ijjl (>ji!iJI jjc (_>u-Jj * -i^- jl



JjJJ oLuaLuS^Jl ^ mil LoLaj Llili<2 JjjSouuj m*sJi 4_oiLlu uLt ^jj'C'i i

Ijl^ Ijl La oIjjJ&J^II >~SjJU *i iilLaJI tolas &j .JiljlLl jjl f^S Jj^-J

l ,ij
<
C'« ^.1 Lgoiljj ll£ Ijl i-i^ LpSJ i^^jjiu (jUflill

Ls.l-t.'i S^ptuVll (j^jJ^J^II ia.^_o Jl jJaill J^jLso Lajltj .<j^>^lH £-a

JSLj t„@ nifl'i dj^kjj l$lLs jialj LiS Ijl Lot iOJdix «L&A*tt2* J! jL^jj

(JLoi^t clllgj .'Sjjj£ nV~fcl ^j-0 jLujuo ^IjiVj «ljjLuuLi5 Jlc

i^iat i_JuJl Jl L^L-o JLaTia.! dllfisj 4(2£jJuJ! J^-l £ys jijj ^1

i.i ,tlu^ j LojlCj) iVsJl .lie Jj)J,Tfc 11 Jj-"" l-i-* J^-ljjJI Jl <Tl-w l gtH-IJ

ij AoJ InTi-ft^ l |j^uil
tj-

3 jT-i-i Laja J^-l^ jl^-o <_| £}J&-* ((jjyiiJ'ill

jhoj ^p.nt.i.'t.ll ^1 JjSllJL Jj^ll i-AjjJUij — i^jjji&A^il 4,^ » nilL — J,>flju

n

il

i_fljJLJ "i! I,„g„„>na'l 4jL*jJaJI ^iaJS 4<t-aJl J-fcl j tVn Ijl Lol tLo^jja

SjL^ill oLa.^11

jj Uflj ^lxuoji 4-ijy~\W ^jxs 4 laa.'bLa (_jSj i4jic jj„n~i-ti,\ La ^4 fctja Lo

tLsjALuu pJ tLiJul (JjjuaLflj JlX. I'iljj.1 tfl-al n'\ ^ a* *ij J}\.ir\)

l_L>L»lj Llll (JuC LjJjj jj^ll (jjiaJI ^jjaJI 4_ij -s *) jJ^jaJt ^i.vlm^ ni'ij

wil m<; 11 i^Li J»c joiiUl Jl Ixoi ^xlJL joill

Jjl ^jji Itj'ijt.t La <!j^lj LaCj (_>"jJj CAf1^ jlg--aJL) yl glliTi <n\ (jiaj

JjiLll ^jU"w<»'» jjj^ .4j^>a-jJl ollji-o l^K jjaLAllj ollj^^J^llj jl j v II

u-fll in^ Jl Jl Jjusijj i_SAftil jj-uio ^jy^J^jl iJ./Li ,(4al"-> a ijj^aJj 6^4^]

Laij ,Jj*LuJ.I Lu <jj-%"JL 4 IcuaII oLojixll dl'ia-i 4jl

jL^a. dLJ (2,1£ I jt 4j1 ilxu BBC jjjjjiH J ajoaLU jjUlji ?•j-1



^jWi i in JjLfl i4j"iLi. ^ jai-uj
llA^iuJ! ,^-0 diJjj ^,1 Jx jjU

iiik^J Ijl <j^JJ (J'-J-i* (^ya jl (_iflJ J^Li. J 0 ' "' J^*-^

>«j uj^^ 6^ ^Je- 'J^i '>=^' Uj J ^ l> >°

jJti\ i [^a\,\\~\ ml c-^l ijlila 4 nK J^Li jl holistic ^"wnjlyt

_>jll i_uuLLo ^AAJ dljX> ^yLii 4jI >L^-ol,S-^"< ml (j Ijjy^-a ^ ' I * a 1 (_jjJI

JSLAj 1-^ «-l>?^' ^ <(_UL£ holistic 0">..nl^A <ul ijj^JI -Jlx , L^J

hfl't^j pJLxJI ^1 jJjjj .ij^aJSJI jajj Jl Ua i <^iJj ^ylsL) <JULj Lo

>_J_>£-lj .(jKx^ll j jiL> iL^li Sj"LflJ La.LLo 4^1 nl-J Jlj 4jljLp. Jlj

Ijx gtiimj - US a -.Ijl . II J^.1 j I n -». I Jx I g nr.jj

Jx La>j; iii a" tjS-oj CaaSUI i_jjL»j ta nul j O^LoI^l Ja.ljj <j|

!^ya icjn y O 4 K (J-^J (̂
i V

JjLl ^_SjiJl j J i^ll ^l^i JjC JjjJ^J^II

Ji-ljlJI laA jliil
*'**' Oaj iiiiLili Jx. oLjjy^U^I (>jjb a '?'<"

LJ
2l!

ipAaj Lo J| jhVi *il Lojit Ufls > flSall i sJuii ^LjiiSjl oLiji^U^II

jj-o JiJjJI li&j ilaii ll».lj IjcLo ^LviSlI Jl ^a'l-^'ti ^t^'n Uait Lai

J*N fl ia.JjoJJ j '
>Jj-" ifjLxa JjJjAJJ .^5 l5% (Jjy^ULl ' ...-v" j>l I Mi^jl

jjjjl oLa-^all ^ya 'LajJ^ (_j^fc*i|Li jl i4_^-^o ^x. j^jlj ^LajL^I A^-lj

(J-Q j I ' Jja.|j Jlj^ju SjAI mn JjLqjj (4jJLo!L^^U Lull «a ^ Jj^aJ lxij\!lcl

5x_a>5La_o c-l Oj-^l — da^-jll H^xjllail ^-aaj JjJj^j — 5jj-iC oLiJ^rUI

Ljjj^U I ' °
(

_yi!l CjL^-jJ.1 (j-o 5 j iaj^. IjxLa i^_N I QJ I oLa-j^

^-Lj <GLfl iliJj i»l_>£- ^0J '«4^-jJ>l <Jlj jL^jI)) IoA ^ninjj <lia.lj Ij5jQ~>

jjLfl Jl J-C-J .^»UI ^ (j
U (_juLuul 4 uifl't jjfc (^jJI ^j^-L^jjjl ^ 1110*1

< 1 1 1 (j



Cj Ltjjj^'s I ) * *J (JOJ^jj-4^-!! JjJJ»JI ^jl *•«-*- ij Mill ^CiJ j-a^l

.AC I^Lll Jjl Jj-lj J fl A II ^ U <_lLjS> f-ljl m ^A_J m 1 JjJj-^Ij

SjLLI 4_luIjJj i_ij_luLiJIj
f

iimii'i (J I
(J

< If. jl fi"ir*j) o \ <jl <
~

i~i ill

4jflj 0 -». 5 , \\ ->.j 4 ^ i in-v >J I Q K JwOjjjj CiSj-ll Jjia 1 iril i *_« Ji»ljjj

^1 HI

..'.ll»it <^LuiSll CiLqjluijJI jilj JOC ,JI JLaJI j jU niTi L$-jLii IfcJI

Lojic. ^| ^cjS-v fr^ji ^ jJLc. J"iLi. o^Lalik^l <>> 6jLujs I4I0 J£

J I
|^JI j U *_jLj5» inj (jfjJI (_juLUI 6jIa_ui J^oJLj Lhjjj

^j-a 4x.Jjcl^-c, ytb ^Jl K in (3 i-a 11 t» 14 Lai •" i 4_ixuLui^ll 4juiajJl

j £ j'lflft ^Q~il1 ^) OJaJI 11a vbjAaJ ^ ^1 dllfc CwlS

jjjit .(kL^iJlJl

ijikljjj LilLuk 4 i If it/y's ^-i^ a (_jjLluj
(

i at mi's JSJ

jiajjl) JjlUL JjO^k-J ^jJI iLjjJI o"jlAj-fc*jl ^1 mil Lj^Lkj lj| £j£Jj

.ia-^il illj jL^jj c?' (Ji-ljjJI ^ Ua ^'hjj i(//'s ^

i4 K ("in dlLlA (jii ili 4 i'h'i Lo£. Jl^uJI ' ^ "" CuajLoj i^LiJj^



4 \fl >fl~». pi ft 1 n\~k II 4jlS J ^Llxu^JI /^q ^Jlx. j ^Jjjj i-ljLj-lil I jj ^* 1

1

ft c

o^jL^JJ adA o^L a5j <^Jt IfLijliLJ, j\mslA\ Ija J^*- jj-u ijj-^

Ciil^J c^^LoJI Ji^-.o1l (j jLa-jL I j a ,., .-.'jjl 1 1

Ly
Aj iJjiiAJL

&j^«a (jn nil
(j
j » jA i ii a" 4 -> ua j*-^ oLu^j Sjj.la» 5J^g La "

jjJsjj ijiiJI liijK >ii jjlj LL jjjjia.ll i
(j

^"j tCj^il n'l^^ll ^Ljil ^JLc

in j.l I ^aji SjjAaJI ^aJI 6 j-fi; jjjjLujIj (JxLuJI ^"i unl^fljl ,3-ILxJlI iijjjja.

ia-l^ilL 1
i
_yOjii iifiL^j iilic JJaj dlldi jj£J (4jl^a£iJI «J j fl I (^j-aiSjl

" I
*«

' a i »aj ^ (3 jJajJI jj^o jj'n n'l'i (jl JjJ

^ II atl^S

l3 4 '"I* II ~'l ijU.11 jl .-.".".l j^ljj K >a,j 4-aL»JI ^ ' ' mill JlLoj SjLcj

ft ft

^ o . a -v H \
.

j* II ^_ajjl jA-uLjiiliJ 4_ujjiLil jjjI£JI (jlj ijjjj-JujJI jjjjLlI

ft

Hfjljjfxo LJ
Jsi*Jj (5-ka.lj ^ .nPif

. ifjiaj <j j^JJjlajJI ijuLgJ

"I ^ 1
1 6 (jl jjj tj^Jj t^jj^Al a * " La I 4 a i nfc S jLaj <^jlxu Lo^

lj\jL& ^Afl^ajJI jj^_oj ^ ^.
jl . II ^ 1 1 . 4j| 4 a iS -v. L^jl i '--I"

.^JLjlil (^ftJjj i^H

* * - p

I UJ UVV

(jLojJI j^jLawa ^ IU t n jj-o ^JLjlII i a ii^ij (ju (j^^LxllI (J-C (.(j^Ljjjj^

J^ljlj jii.ll Sj^«a <4 j -w Jya 4 fl 1 1*> L I 4 u \ n\ l|j Jl (jlioj

. U .

,

\\\ . eLxxu^JI a "* jjl ^j-C 4 m wm II J n"i .^i^jll ^LiojJI jjLa_o

^jl 4 X . II oLjjalll jjriyLttJj I j a 4j.o^ ifljjt_a itjjjv^i 4 a , ^>
.

j



ii 4j Jl jl f^J» l^l^
^ya 4_xk.j «4^j^JI 4j-aS j^ ^jOj'i H >_>! in-fc JlC jj^J jlS-ejJI jjLs_a

j^Aj 4j<j,n^£ ijjJ^j ioLxJI 4j w n't 11 jli ^^-flil Ijjk (j-aj <4j > wnll

jl^J JjAa. IjU tjj^JI i-ii^aj <j ^yuLul^ ^Jl KjM^jl 4AsI£Lq La>jLlcl

I^j U |^JI ijjJiaj Jl £ja.jJI (j^ "iU ^Gj^^IijJI (>j (jAjLIj JLla

.4ji (jTij t \ (j;ill ^JLall J^Ail i-ii^j

Jj-iiU jJLaJLS_)$i (jl j^aJ ^J^l ,_)" '

*
*' (^jJI fkJLatJI La <j£-l

J

kJI jysj ^^uilll 4j;aJiJ l^uiLJ fSSj d ll i^-n (jj£> Lajj Lplj

jl (j*\ <t t Sj->AC CjIjI inn <JLvA jj's't jl d U i ... .11 d
.j -v ~ 1 1 ajji (_| ^^la.

jjl Kt mi t~tll jj&Uali Liej (jil t (j\ i a"i 1 1 J*^L~»- jjj^aill jl jjv^-l^l LijLLkj

£jrlilj iB _.o" II jl A - o~ 1 1 J*J-a. j-oj d q » ...-^ II jl ^| , Ua o £yJLajja.l tJLl4

d n t iii-^ 11 j-oj i^J.l_«JI (j ' I a I" -X. /> LiLc J1*j Lajj JLola.1 J£ jl jjj

(JLxJI .^a
:
5^H jJL«J( jl ^1 <B ^iill >SI (jj A ^5UI

ijj5 (j* ^ ^ ljJ>L*i t^j.a.xjl JlC 4-Lal in Jl 6J^_» (jJJjJ <4_i_ilxj (_£.ill

Ji,ljj_ij td n t in^ II 1 I ..." (jjjJI j<*s I ml I jj-o Ij-VJt-c (j« I cu a 1 1 (jJ.LaJI

jj)*\ t d /« « II dJ*^Lk j-oj (_$l (^_>il J k " La..rif.j <^a.jl ^JLc J£

Jja.jj'^ 5JUJI oiii (jj 4_>i.S!l Jl fi"i-w*jl Ljj» ntnl LuSl J^».lj ^-ILc dll4

jj-a L»j"A "will ,^^11 ^Liji'ill ol-JJjr\^J jll (j^-J ^-1 .(_Li>ljJ

^1 j-U^SlI {JI^cj ip^JI ^li^JI Lljl oil^ Jj .Lis f£J1 o^jLus

J n n ij I jj-la ASj Laj uixll Jl!iil loA J;ii>J .LdjJl *il LaOjt Ua j J^JJ

jjL5_JI jj-a l^ilj Ijoc Jj < Ua i ^jjlSjJI <jj-%">i (jj, i~>"Jl (^J.L«JI jjjjjJ

J£ Ld^ii ^ --j
(_?

ill SjjjjJI JjLujJI JjLSj ,^1 jjUjJI dJj <4_t^ w»ll

5J|j J$ : jiuflj i
a.< jl jjSJI frLajl <j ^ dlajUio

jl Jjt-L) \±& U tjl dl^H^ JAC ^ '« j <<lola^a d n t m-». J£J 4 I n't n

Jj .nil jj-aj |J L4.jii-a B -a"' II jli Ijl La plxjt A _-o"'H Ait jjjA^J^I

^3^£.l jj) ftj flj frlj^i. jj-a i—flj » II Ij^-> jya.L^jjj^ J* "'fl"t jji IjLi (jl

tCjI't l<Mrt"tll 6J^_>
j> g injjuj ^-Q <jjjja.1 C-l_/ti>. <ill\ai jl£ (>-=». ij i <G 1 \ i <i iA"



j^jjj^pli 4ja2 ^jC i^i-> ill

ja^JI ^flU i_jLj^ p I. w~ ...I j frlJjtxu jvjij Ojrt"t nil jjj >4 aj.ft.tjl olnnirnllj



JjL=>- LaAltj ilgJjjlfLo bjl 3 jLiJjj (Jja-Lgjjj^ jk (iifl'i Jx to (J^ j*Lfl

1
(j

"if. (JjJLaljll jjlS ijjJill! (j <_jj_X jLa_ll ^1*1 mi') ll Jtlal ^ya C)JJ^ * °

ij^Jiill 4_Lq Cta.>a. <^jJI j-oSlI i^^-a^-L^ll Jx JjJIj JjjiuJI Jx (jjjjLfl

i^ya tt^taji ua» _J^l^jjj_j£ ylMiai (ji J^^il Jj-oj iCjLo^L^JLI tilt __£j>3l

jj o i^~) i uj jvSwJ) jx.l_j.flJ ^-3.1 mio"
<
^ I

4 '^1 1 (_J_i La 4jl
fjQ?"

Jpl)")ll ijjjs l.**
' "
J

' ^ lg.')1j .pi > " .
,

.Nl I dJjLi <L>Jj£ (j fl*' VJ*^ ./. infl'i

p If) l/~l~) |_j-0 (JA IU jj-j II (__)SLgJJ ^ j a [ |_) _JSNj| Jx ^gJjL^Jj

jjt i^u-v -
'^'J^

i ii a* I Sjl iaa p(jL) ^jjdiflll ,j-a 4_juujLu/^I jj-q^I

f"*' i>° (jj^f O^-l 'SOia. 6jJ-^ <j^>=>-' 3^-^°

i _
i

">
~i ^ 4_jl p»jSJLj ^1 l»i^ oil ^jas <jIcj

<

(

kc-jvA \j ^i^ll lA^

,4jLijJaJI j 4_iouLujI 4 ri id ... (JjLejJI ^^ajl "> "11^ Ijl (j^-l^pjj^ ^.nifl"i

.(\YA 4\am) «.4jJjJI aia> <uqju ^1 ^Jxst. ij^Jj Jjlj

I
(]

i_>fl") in > Sj^j^s ,_j_tiij».lj i^jojLtuSjl (JjLalll I j-A <«)") > JljLo ^SjLJxo

LjjC (jJ^J (jl jl^ji (J^ (J-Cj •j^iX ^jLaJI J infill 3 p^JI j^5l>J



ja'iJ 4J&S ^jC i^i-t, ill

dJj <jl cxp- • N *\ © A iluj jj.o*>U 4_>Li£ J tdJ j j£ j «jc ^^JjI* JiJu jl

4(jja£J| jjIjJI (J ^l.i-^'i iLLS ijjj^ j^L^jjj^ j\ ma" 4ij cLi ^yjjl

(J< fiirt~»- JJU) ,_jj4JjL j f-Lij »all
(J-

a-t-o ^ ()"'"J ^jl'i nil )L 4 i«^a 11 Ij-iJJ

<jx )J,„wll Ijjfc jAt 1 ialiUJI \ ni l '^^J-*^^ J^-^ UJJH J^jIj mi \ 1

1

pljIyWjl J^o 4 I ml 111 (J^a. J. wll Ijik ft jlj .(JjLLuujI—(jj^JJ CjLjI lr»*fc

!_}.a-t-l. I 1 a.1 4 ' 0 * a *^ . .^ I -». " -~ I >^ j* ".a" 1 j.r.ll SJLUI

£-3 JiLo — 1 g .11 Qj <Ui=kUI (j ^J,<a^.a lui (jjjLlS Ij_>^J U^^J

JjL=k ''
rJ « I .J Jt o is Jj — I ^ " a I U j| t aj /..-v II 4 l~i*S^

< - * - t t

LkjI^aA 4J0I in 1 1 jjiaj ^ 4 11 Ji jjl ^A~\ ni'i il ^
'J
7

~ (jl k i (jl UJJiJ j^J

miII» ijj^Jjj ,1 i^U'.ll - ^ " Ul ,,,.11 ,
.-^ ...I 2 .j IU 1 1 iij^JaJL

I

j 1 ^jJoJLa 4_jljJ-^. Jj^I j 1
5"

4_i I °j
*
* 1 a J " I^^jI'i 1V1 il (JL3

4i*iLc| ^^"a (j^J

4x,l mil 4 U ml^j 1 5 1 uua OJJ^ 4 \_i » ft 4 1^% I ,.\\c. ,_ifl"ill f\ Wc. ^Iflj i±i>-^^



LsLa (j-ajJIj 4iUaJ1 ^Lji J-o ^fljlll pJC J.'*>'"iill

jjjijjjlj U . .All . ^jj^iJI 4jjLL <xo^ <—flj i \ <n — l.iitl (j^o — LuLi

.(^Ojlll ^OC IJ \n tiUjj i^-vlj ,._.5".11 J"bLi- jjjjaJJ Jjjj^iJI 4j» ml ^jjl

JLi_o TiJjLj Ci"w"i ^-5
1
^5 ("iLlLo (_^Ll 4 l-i ii'l^J 4 0 il«"i <_i I t-Tl < La-o (j^gUj i^ll

^ajfcjJI (j^-s /Till in < jj..\'n<">1 l
(Jjjq

(J^jjill <jl iJj-Sj «4jjjLaJI

j-k-jj i^LiiLLI J-c 5>L> ciALI ^^ii^il ^Jflj^a ijj^JjJI (^jJI

(j5_r\ll p.^C CjLS^JLc 4 nifl\ IJLa {yxts\\tj <4jlr. ^jl^ Lo Jl ^"Jil »
J

I

tllLlib^ i^^rGJjjLi oLfl'SLc 1 " a
, JjJ& (j £-2^0 J-i.W"i j



JjjOu aJoS ^jC ill

(
2>£jjJI jix jlj Jj^Iju^JI ^jjj (__)jjLi5 <j iijJI <L=».jj cijlj UK a 1^Jll

<jl£ L J| ._i3ail 5jUI cJjLk Ijl
k_J^>-j '4^^ ius^J 4xL$JI iijjJI JU

iii-wj i^jLd^l 4 1 lajl (^LJI Jj »j I j'i in I] » i<-i (jljjl iiLuiLj 4a1c

Ijjl JjAil iin (jJ dlili hjjL^JI (jjj^ill iilia jfVijlaJ JjI^JI ("jjjJI

.A£At > ft 5JLJI 6oa

oLiaLLo \ 4j'i<hj c-ijLikj Jj i/tlfljj Jj iioLiuJI &j_ai _i=*^ajj

cILjA (_>xjjJ 4jI J_£l ... (_jjJi (3f*J LT?
j^L^I^I i_iLj£ (J J^~(l)f^

"
w

"''J
^

j

(jljji! jli=>| Qj iVJ ^oLlu-oj Ja^sl^Ltfi ^
>» " in~ SJL2JI bJJt, tjj t4-Jlj-s I)

jjj'tinll mj <jl Jj *il 4jjiCJI (_)jjLlij ^ ft 1 in (_5.UI ^LJIj (4 * 1 nj-a (j

jh infl'i (_^o Ja Jj^Jfcj <ijjj j»uiJI 5jroi-uaJI <j'jj^' iiL-aLj <4£^»JL

J-SljJI 4JLJ t^j&xui^JI iiljl CiLaJlajAA J^JjAJ ujjU^JI J£ guloi

kJUufc (JJ^J <jlfl 4jlfcj (LqLoj 4jl^_o jjJUuaII CUJJJ jjSLal) (j-aj .^^a^ajJI

.it^JI (j ^/JljJI ^jjjLii J_>~>" mil j^o ^j'Sj 111 ,^2.1 i^jfijll <_">QJ-»
j>.

iiJL ij^JI jlii^l <> jou J JjUJ Li& j^Jt^ j»JC iLisJua Li£j

4*i nit II ijj^AJI ._ijLaJjJI (JJj^a (jc- (_>^uJ (j^l ^-La-lj 6jLli.l (j^-lj

r-r



J"M^iJ JJi *Ja*1I j 4j5j 5 -> jj^Ja Jj

jjjill ol i I'l^jJi (jjTill plj'i mil (3 4 i in-> mil ^jjl > ni jjl SLia. Cul^
» p e.

Jjj *tjk>"' '"''Jjj i3 jSTxiil jS \^Vo iiui J^Lwj i^jLUI ^UaiJI J^i

.(jijll Jj^Ja ^l^^a IjJI 4_uljJI CuLa \^Y"\ 4Axu o mjJ

4_ijJij ^ mfl*i Jjh*- <jLijLLo . .IjU ..Vjl J£ ^jjl'i ni't it Jjual

j

j^i-Lgjjj£ jyjjiSU JjL> 4 lie (_j ^ ''" a « aJ 4j| 'J^> £ ^j-^ <^SJI

fl '^j< iaKJI I4J LojLd! 4 in, .ill 4 . .f-j ^ijjJI j»J£. £ya <Glfl,-^Lj

jjJj II jljj-^l? '

^'^J.' >«La- Jj£La plia < Ly
fUAaJI aJUil £up_u=>

Kjj 4j, iiiJi» i_>Lj£ <j 4-loI fl"i niL> £^aju3jil Ijjk J^a. ^jLLuuji jl-*> >

JaC Lajjifc N^VO ^N'WE ^Ti in lajjiJI <jx JjJlxII £ o-^'i .«^£JI

La <Ui i«u j ofjjj (jliLiJ
l_J
^-oJjJ^aj ,_>ufj^J £-a ^jjl" ni'nt

Jjl^aJI j . fl.nj ^ ,.*,>»;»H l^k u 1 *«EPR

(
^>-l q"> 13^ j^.t'ii^ (jl i4jj£.l_uuoj ^I'i MiM*j LLflj <Ja^JI 4Uc'i cul^

(_yjJI icLuJI (JaC i La Pj^ji Jj^a. (j-a Jj ^(5 tLu3jjj, 0 Uj&i Lr

fw-lfcj ^jjJI ^UUVjl (jJaJU La ^aA lr>5fl IAikj t5j,n,3nift (jj^-ll vllj^J

iLaAlj-fcl ^j/i-h aj ,j! <jj^lJI ^J^a-j (jfjJI mil jjiu Jjl 4 lri-\ I

(pLajoJI j La ££3^0 j I rt^'ift ^iuj L^j 4jaL^ 4^jja. 4aa^ 4 nj m-v JSJj

.(/,L^.JUI) ii-iUI c^iJiil ,> >jj>JI EPR *

• S^LoLi ^'ij--<n f£JI l*>j'»Kj« .imj jLucI <_U» ufjjj -uj "'1j->^j "JJ 'ujl^ ^

i^aiyu iK - j ia^Jl lia itUU .v^To iL^ <VA--WV pU « - .Physical Review 47



£jGjj_>S Ljjl£ LqAaC U4I1J iiLull J| iflLua^L <4js Jj LLo (^iaAta^JJ <LKJI

4_Lji=, S^Li JJU Lojiljji.^ 4^J-=>J' ^Lii

i^jik^l 4*fij in-^» II 4^j-^. <L.g£ 4 i If. (jj^J (j'
1 ^° UjLfljj a 1 «,j LijLs

4 fi 1 II jAj-o g>Vu <»*' <_>jl*i/^l (jua'nj <(Jj^!l 4 n \ <ii-s II JjjufljJI

_>-oJj A <Loj-ui=JJ 4^^aJI 4-La^J i^LjjiJI oLtoLSJI j-soj j5 jSilj

t 1-1 1 i^IL I

(3
»5j-o <_SjJtj ^1 ^ . U" ^ ^3 (J-

0J «<_)^LaJI I

J
« \j " ifljJLa

,

I

j U , 1 |j . . » ..."
« A 4-cu-lll=JI 4jjLjaaJI oLmLiaJlfl iJILL <il

I

j^j

LoLoj I fl
!"> -> fi j Jjj ji j-o^l i«Lo^1*jo j^i JlVi 111 ^yjJI tl o'l^j-a. 4_la£

^-uiLiaJI (j-o ^1 Jx Jajju 6 4 0 1 <n^> II 4_IL». JjL lj)» fl \ 1 1 4^lijj ^jjtlLuuj^

<-'7»_' Jjk ((i—SjJLJ)) ^jl B 4 nj mji II t^fljS .A 4 nj iiit> II Jx ^jjaj yl 1

l_| jj-i-ij *? ifl Jj J J"> ft £-£3-0 J I ifljj ftJjAa^o 45>j-=v 4 1 n*s LflJ (j^a£-> <jl

((tllLuli)) I \ Jx JJJJ «LlA» 4 fi ' <n~w Jx CjLtuLlij f-lj^l (jl ^Jl jkllx

Lo P-(jaj jAj tff-l irSfl II jAX ^yjl 5 I'll! ((JLuaj'i!!)) jAj (4 uj mil i_aJLk_j IOAJ

4jjlaIj J - > » 4jLs 'u7"^ o

'
1 'j*^ '"fl"* L^-L> S3 Ijl 4jL EPR >

Cjl)>^1 ^1 ^oLSJI iiiac Jx Aalau [^liJI jkliilU 4^^Jl 4^q£j J^']

^.jj «JS_i ^jlUI ^UkUl j jjJj ^ ^jjl ^1 «Jj^l ^LkUl Jx

dLlj jLa. (^jl IoA (JiLojj *«.tlLljj ^-a-tu-i ^1 4jt 5l^il Jjijuo

^\ U" ml .4jjuSIjU «J^2jl*» i_Sj^AJ ^°
(J-^

ljJ-3ylc.1
^ J

I (4\A2ljII

4 fi 1 m~» II 4jLfi5>j j-o 1 0 »a 4 j t ilj l^uLtLaJLt ^jl iSlijj jjj

jl^'ill i—S^^Qj I fi(j ihLlS 1 ^1 (Jl Jy£.j-u=i_j-o « a I a j 1 (JauJ 4ajljJt

jLxLL^I ^ ^ 4jl dLufc (j-jJj -Jj^l ^"J"'?
11 Jx Lac

.1 Pais ,j-o '~ q «



iijj^wiii iijSii JaSii UjIj "jLkj <ji£ ^jjiiuaji (jii

Ctlu
<_5

jJ1 Sli^iaJl iijj^aJiJI oljLla.'^l (_5JjJ (J "J* J <jt 4j I j^S t
4* t'lSlI

^j^jjll iiAiljJLfl li'^i u-sl^LI Jjnj... <jl£ <EPR ^yb Lk^

m^Ut jl ixj jjC J* all (j£J ijJLaJJ ^LoSlI LuajJI j <jl£~o I4J L>UJ

J^lmj dif^J <j-a ^yjj^lll JiajJI ^Li JJdJj <<jl£ll loA Jlo I4J

I') ^jl uij ^I'.A. II j <j£Jj .4j1jj Lajlfl .^a 4J ^j^,^^".

C»l oj <n,-% II II jcl^ai ^ 4jjj^all 2 ,AcU"LI ola.'jl ^jAuj J_c S_>J=Li

.iLdl

CiLa.i II 4^^j>. JjiojJ 4 ln» 411 1 Sljl (j^ajjLijAa II p ...
» LUlc

^ iULuoj SjiiJIj 'Sj^iuj t>> 4-«-k5 Jj-o u^-b u^O-"PC c

j 4^aJlj Jl Ji_ujl 4*~>, fl«~i1l J^.1 6U>Jjl j ^jJI (jlfj^ JA"

j^SJ (J^-lj i*j j 4j"iliJI iicljiJI jbuSlI Ioa U r-il5_>j t 4~> a f^ll jyc cl lAall

a jjjLjJI J*S mi l J^L*^ (jLijUJ I |_jj i_fl_aJLo
Jj-"

1^ ^JtC

4_ljL»jJI JK Lu jl Cj^fjia .«X» jj)~> a ) cl irifl llj «y» jj)"> n i [j-O-ll ^yt

<j£-af ^1 i4j wir>ll AjjI^MI j 4liAaJI f-Lj^fidJ (J^li j^liij ^ 3bt$ ^jl^-ojil

jjj2> C)l -> inn > ^j-il'i uU-il O^jLjcq i_ijI^>C- ^j-o _/ui^JI JlLajJ Lg-oli,\->"i nil

^sJj <p^ui i j^-i! ,jji3 LJUj JjinJi i j^-ii <j^i

pi >"> > 1 ij*jl (_| (jLalifl Jjl 4 l^i « 1 1 Cil.oj f « 1 ra. II c-Li^jlS ^ d-a^"»* "'I

((^Lajji JlS-iItl» n uu SjLc (j^aoAJ.1 loA '(J->J^lJl-ll (JJ^^ t>°

4

.

i n's Jjjj-Qj ^l^LLI^ ^LojJI J i"i Jl > u ^jSLojj i£j\ n \ in-> II ^£JI jaJLc

LA-i CjLojI i/-i")II J^Lxlll jlc _>J^I I ' La _yl>j , d a I U 1

1j 4^jjaJI

c

. V\ wu ill (jli-ajJI i fl i<^^aJ IaA ^k^jJLu> ^''<^ 1 iCil hi-> II

Y- 0



lob
- I ->*

fl I
I

I g l.i't fi"
t^oe ^liilj ^UjJI :T-<\ J£_i

£ ^ V

\jyui ^ o.^ll J_c| J| JJ -."j Lki. ^iajui ll>l dj->"n <Gl^a J

jLi. Ij) LL_)jCLo Li* Wi-> 11 jj)^-* ^"J^? <£h-ojJI jl jt null (^-aL^-i^I ^ys

j\
(jJo^jJ1 LlLLc |3 (j^-lj 'L^J-^^ CiLaJ £-o ^jl r/Vill 4 i\\ ^jj^J^II

{_gjfl 11 J-aAJ L$-jSl ^nkf. iuuil L$J 4nw»-^ll i.',H ml i a.^ijjl Ijjfc ,j

Y • 1



_ >

Ljjj^s (jL°_>Jli (j^-^ i'Ij-*." i :V— ^ Jiui

jaJlc I l-i-w >•« H
I j A (Ja>o (jLaiifl /~i

(_>
A^>AJj .4.&I rt'ill ".II

p p p

(2)1 ij^-af J-0-^ C5^' U^J^-" 6' J ^ L>^

^,"^.""J .U$lli£ Jl «GiUo ^JJS^ j>a djjryJ^Jj l^JJ^-li 2^

I " '"'* oljj^^ilil ^ya _Xj J a II ^j^jLlLi (j\jj_/\^JJ £j!^JI j jj i oj > /jl » -j p la i
1 1 " ^ j la II l^&^

4 n t fl ^ 11 j Lol t^jj^Jl/ 0s9-^-O-W ^"J-j tj-?^"
1 i^-i^ ''cJJ^^' 1* <i\ ^jIiLaj AiLj^JaJI ^juiujJ .^/iLa.1 jlj

jj^I ^ia. ^jl <Lojl i^lll LaLa. 4_a_J>l J^o ^-OJJ *^^-1j O^A^* il** ->*^ ^aLaLlj lijLi

r -v



I ^jjJ&J\ ,2)-q LoL». <Lxjiil guijj jLaujJI (J I J£-£i

J£_£ij J^ila ^jjrt^-M 'CA^fJI J[j •>=>' '-'J^fJ

lj <jjJ\£J)ll lift <il>^JJ 4 4jl_La. Jyj eja. <j J .£-^

t^l Q*l Lfl J^-LO (3 4«IsLluJJ (J^JI (J^ljjJI ^J-iJAJ ^j^QJ 5_)-OJ

V-A



4_i_ll J^>3" jJI jjl . al *;,",<SI ^5L1 j^>-\ (jjJji <L».Lu]l JLij l-i .m^LLj

,jl ''Ij^'tl (JJJ^-'j^Jl U^-S (J^~°,>^ ' 8 "'•J l3 J-* ^ ~* £ ~* 4itu (jLaIxS

i aUH Jl oJ-^i ^ ur^ 1^ 1 '-fl'^l L^Loj ^lij ^Lo^Jl j ^LoSil

Lij^ji iJjLSjj u^J^' J^- oj-r^l

I la "* tj^aj^ai <3~^~' !_>~ ^ (j^O-^ i3 *—ii^JJ Jl uu ' ^3 4_usjuoj 4_jli

Jl!Lo I a lialj L$jUuj> iilLuti (jLi JK tuSil 4-tu^UA J^ajj-ajj ,6jLui<a J^La>

(_gjJI ^jjSJ

^

I (joj i^jj^l 5^j0 4jfcLijl (j_Q ^^Ji_>j (j^aj^ai 4j^a Cjj.i'i i jij

tLijI j^ajjl (3 ^L)^^ ti}
''^j**-"

' (j^aj^ai ^jO JjkliLlI die- ftjjLJ "" '

^^xla JcJw tJLlikj 44jLp. (^-a iiia-a

'-''jJ^' UJ^-* ^j^JI 4*JL»JI ^ 4jt Uoa lla, , abLL=fcT5tl_3 .^Ijj 4 <m5"> nirt

5jr; <^-i Jl Jjl jJjj u^?- u-^j '«Jj"^' ilLaJI Lg-ic-

^jLalxi jjiJ iila^ll ^ya 4 milj "^^aiJI ^^llaj (^La.jjuil ^ Uft'tll ^1 J^^iJ

.(^GJLaJI (>_> la^jjuail
(

_^LjJI ^jUojJI J-C jj ^j-a

IjJ ijj^lll iLkalJ (>-»JI 4jjLflj Luj Ljli. _>J^I 4jL*jJ_oj^ JJjiJI JLlAj

:4 » ^ » Ua ,tUu jjs^jl ji.Lj IjaCJ

^^ajj^Jli ((j^^flJI CiljLu^o p j m'jl Jjjj (jl ^ 1 111) Ij^-lj Sjl i rit l



••W J!

A B

Jllit JU ^L^ll JitiJI jl^i JjLSujj :V-<\ Jit



tjf\ in 1 1 4jjj£ i=fc_a-o rf 4-> ^JLt 6jJ i«^,11 6.1a (j

i

i'n f g." i i^a, <L&/\-u>

4j*Jjlj 4 lr> "'j^ I 'mm Jj^ OJ <5jl"i-s 1 1 Ljjjj Jjj^. Sj£j-aio LoLoj

6.1ft Jx. >_j^1 5Ti I giiA-%"i~i aJt Lea (Jaj»j in'vll Citjlofc (j-a 4 J ml m (Jjs

&LaJjl m'lj JjLajJI (_£_>J IjLLj i^jLojJI ^jC Lmj)() al 4 Qj .^f. CilniWiVl

^ji-i'i/ij.iit 3jj J^-a ^llVn ^LxJu ^1 JjLfi 6JjJ_i *Ual "inj . ir\0.t ±=>-\j

dljlll n jjil Uac Jnl-> o ilAj iAJU Leui Sjj 4 K inl^J

4jJ>^J in <jj£JI JiS7> mn ,jl ^ j *j (^Ul j-o^l »6j53 ml 1 LgjJLa. (j

u5->ll JliLolll jkat ^a Hi's t>\jj ^Ul lla> JjLoUI ^.ac-j <1«JjL»

J^jl JiO"mil Jfrmij ^1 J$-u»Sll j>6J -Oj^ (jami&l ^liaJlj J

j^al &l^>j Lc£ < hjjWi« dJUj iJ^LoILo j JjlsJLj (j n_\

»
*i j^jj

Laalt I U .1 4xj^jlu ^ nil I
(j

<lj p U n _/>
S*Cj -v " U CiLcLluJI JjI ^ " ">''ll

JlSl iila o^Jj J^' Jj.^i'. jliiSlI «i»

.(\ ^AV gJJJJ-«S OljoLa. ^pii jlj) ^^Lu} .^j .g a
(
JjSUJ <i_l*il (j'lll 4_in*i-> 111 j

Y\\



^^iU SwJL J^Ua^ll

4_uiAj (jLojJI (_jjj>J LjjvO^-J jLaJu^l Jj£J <4_Sj_sij (^jJI jjUl 4_>

i^jLalxS J^-jIi (JjjjjaJl jLiia (J ~ j ' oJLlA (jxuJj .(jjjjiil ^ « /..'ill 1

43 iiizv jjJ> (J^jj-fiJI (jLfl l^lg-lj '* « a CjI j Ci " I (jjJjiLU eLi-mj-ILi (jLojJI

4 J fulfill 5ljLm<a (j -k i 1 tjjjJI jj-ai\ ^Luaixaj (j^a^g uajll (_LulS

kiiljjj j-OlXj (jlj ^l~k* (jl Jj^joj CjLjjjj)C H (jl ^ a intuit (j-oj <l (j (nfl j 4U-klll

lj 4j O.iiLa. 4^ja. 1 Lno II p \ 1 1 ^ ' 'f- (^/-i ^ 'j ' Lojj

(j-o iJljjl IjjA 'f- ~ z> ''II jj I—" ) Ijl «no (_5,>j (j^ojJI

LS-^ 4^^LaJI ^yj jjiJI ^uij LgJ jJsu 44^3 dllAj •c5j-l=>j ^-^J

bJl& J^Li. ^'.w* ^jJI c-LuiSlI ^~-lj 4(^j^JI LgJ^i _/L3tJJ 4_>J_>I 4.a.«i^ jLuiil

^jOjLAjjo ^/CLiL^j Ale ^ « US H -> -t^J
lj

^JlaC J-=».JJ 4jl j^JI (j Cjljr^-ijJI

J^-ui jj i^i'i Luj^j 4_uiiLj s-(_j>iJI J^J^j cj' a > ^((4jjl2Ij» Igj^

Uqc



t£. _J

3 Lo jJS.Au CjIu 4 ^ i II CjIjLxujo <jl ^jJ *A— *\ J£-ui

Lx^ljjl Jj-tn Labile ££CjLi. Lcuji ^liLajJI

J-^ J\j U*>J' J^- fL&J (^1 ^LJI J 5j>«Jt) >

^6^3^' O^V^ (^-^-11

isLaJjl CjLxLi
(

j_uJI dl^j^j A g ;> aliS
<_£

,j-Gj>JI ~jJ& SJjW ft Aj2»_Jy%iJ

^jjjSLij cllaJjio ["t^, a > uo 1 SjjLs^c 4jjQJ1j (j}-"^! <J-^* <SSX '" a ,^.11 J-tl

<j»jlj .£-*jJ Lotj^jljj <S^u5» Sj^uoj ljjtL*j jjSI cjI j-^-Ij ^oLi<uj'!iLjj jtj^

LjSlljjl jj[ .^lo^lj Jjliil J Qua U o^^Si 4* UVjua 4 U 0 i Lo ^,1
"41

Jj-u> Ji Ljjliijl Cxiij Lvj^j i^jwoLui'ill £-iljJI jj^uJ^j 3^ ^p*
43"^

J ililjjjA^J^I JjAVt ^1 £y \ ftj Lul J| I^/ljl^o Llilj j^jo JjljI jJjj

5jLc. La._>xLo IjJVS JSLill vll^LkljJ (J;}J-k» U^," I
(j

' 4 1-i l"lJ^O (jjSJI

SjAoj jj-o l£j^- (Jlilj 8 1 -it ,11 JI j f-LaSl! J| ^jlix^JI J"^U> JoLxlil (j

ijjJ^J^I* £jj^<a — ^.tuLaJI ^jUuai Cc^-i Jt oal AjlusSlI ^4-ljfl

Ji ^LoSUj ... alvllj i^Lq^LJj . iR llj i^LxSJJj . II dj->,Tu ^jjl jjiill

CjUj^nSJ^jl ^-f-a-^- Ji ^> 1 Lojj ^(Llc. I.^j.m.u g^jig-J (j-ojJI i-Juis

m i t ^jj_^JI ^,j<j /n 4> jji J!Lo j^ ^JL»JI (3 oLyjrLij^illj

jJLxJI t J-iflt Jl3.Ij pJU. JaAJ lal'iA, <> lt>a> u^Jl (j <j^o JSi j



J-ijjj <jl iaJUa Ifl- ^j^Jj «LULc j Sjiill li,-i" "ij

i ij5lfl tlxkxaJI ^gjj ojI I Ijjfc ,.\\r. I .uaj ^ Luj jrviJiil JLi^^JI e^uJI 4j|

4-1 La. Jjjo ^jj^JI JAu S^Af^ Sjj 1q 4^j ia>
[ j£>]fA j»JL»JI (j 4_>-o^jJI

cj^jLxa ^jLi m I.I I jji> >*«<• iSjjjj ilL*. Jl ,,, jj£l

4-L)(j nil pjfl B I
1 IjJh iLllLujI ^j^! j t^Lo^-H J° luJLi ft igj 4 1 1 m ill

*» 1 • if
t_fl d_yajjJI LuLa. (j t-5fl Jji.lj &LaJSl j jrt ni'ii <jLojJI (j 4^_>aJI La I

1 <"<") (jl t_kX^cJI .4 ft > in~> II ^gjpjiio j£ 1^,1 \-\ \ LoX. jl^iH

JLoa| ^« >k~i Mi't I "'"'^
I <iaaU LjIj^j Ifl » J-C. SOjqLjUuo ixjj^l ^lijajJl

HJ

Jl S^^JI ^ t^JI JJj ^U^l Jl J jMi J^l Ji Lol 4^^JL,

_ c ^ * ^ ^

Lol t Uflfl jLuuJJ 4^.ft.a ^jl3 ^Lo ^^aJLfl >6,Ufl^ ^jjl^JI

JLU^t LuJ j l^VJi\ SocliLII uiJj j> llLt* IjU ,ic.^l^ ^^_oJI J|

Jl) t^a/ill ^jjUJI J-C. SjjLa. Jl JjduajU iftj^ OikJ jl Ji-U j

i5^i jjSI ij^aLj Sljl 1^1 Jx Ci-»-ll ^llJj jl> qiAjj la'i^lj -lfl-.M" j ijjiiill iiLo^l j^olll UUj ^ilij

.jju Laji idJj J^»- -^j^l u^^-^J

J'niinl JjJ> tjj£AJ I mp » tjt 4j^uuJI 4j_}lajJI CjI'mouSI JjSS Jj-mdUG 4j «uliil tljUln ^jc t



-jl ujjJI Jl cij ->
"ij <jL SJjL^-M Jl (Jj-aj j»i (^ajJL j1. m i.iI I "Jius

.vd-iljJ «J^I» oUJ^I j SjiLJI ^uall (jij^l jSjJ dJj _>

(^j-i-s mil djkUJl (J| Jjjuj iijlii 5j-q > a all u r» (}'>*> <ji JJi J^JI dil^o

4^-il fit a 4_u m'tll ijjJojJI l^j ^ fi no ^aJI (jLojJI jfl mJI <Ulfljj

4jl-> e\ 4lW\r> J 4jl jjlfLojJI grj mil l^jjjtu ^j/mATm tcUdi 1.1a.

lla> Jloj t(jliiL jjLojJI JjJj^j iJa-jj (jLo^JI jjJ (j^-a^ c£>^1

p.Lc&L] jiuiJI J»^J (_^jJI j-oSlI t4fljfl*fc (jLojJI j j8 mil J» ~>J Oi '"J^JI

.1*>^ on iijli Sj-o i fll-> II j\j

cjLI m-JI J^^i\ oLtiibLjJI fJU <Frank Tipler ^Lj dil

>

4_>jJlu nil jjAfl iLjjiaj <j\*\ nr> 4_L=»J1 6,1a J1a (jl (jA^ (_s
^-ll

(jdOjJI J^-C jO mil 4-JI i~> 11 jlu illj <LujL»- JLa_o 4 l-i mljJ (jlSLojJI

5l \ 1 A 1') mo ut (j Lo JjLsj SjLo J^. -» j S_/lj£ 4 |VC Cjlj 4jljt-i ml
(J
Jb

aljlll iiLj^ Jlo , flj^j ^ N *
. am'tj ^ N • • 4JjJe. ^ ^» -> <j

.(jli-ojJ I gtj i in 4j^a. ,jdO j^-JJ <iuli J-La ^jGjjo jj^jj :6j jJI <j

(j-o Ijjk tfrj i^i II it_pju i .8 i<V( JjLjLj icjuu 4jl mSil l-i »ii iJj->"ijj

^3 ,4jaUII djjla j iSjl* C^i^l jSSl ifljiij jjJ

.L^ijJLj ^yilt eLjifiJI ££jjj5 <il-i inljj 4j ^jnmn ill! j (jl LlA Jjirtflll

jjJjj 5j all Sljj iiiiSj l^iiifl't higgio <Uj^ 4j (jj^JI j n hit. dllAj

jfl .ul! jLj ill CjIIjjs Uaj| <GSJ ,4^15 J-La \,0 4 mfl\ J^a.

<,jii£ i^J» At *jl JaJJ Oi^' u^"'
"'I Ji) .^UjJ I>1jwoj3 (jJAJI |^ qiJJUll (>• lla. JjJaJI jil

.^jSJjl ^^ijl lift ^jj" iii a Omil nift'i ^ ..Ull Q.* 1" '"' O^jLlI I S i Uj i4 a \jt \\j



6aAj .Ida. I Jja- J^J.a. n jr^X-j ir>ll J 4-iLc. J>a-«

die jjLojJI J\£. j fl 1 1 JLie I (J» ~ «l
^ A ir> IdJJ uJ^"1

(1)' (j^l<IU ^ "'J
H

^SJI 4jjJaj ^ o <n"j . Jjla.i "jI^aS jJ^l jdu «JLa> J£ J^c. a*sJI ^gjftinll

jj-o f-
(
_yiJ( 4 ilf. jdu Lo £--g La II oifcLa d^JJ jjl dJ "i! l

>jjjJai]l dlJlJ

4->l fl*s II 4_ii Leu Lsljjuj £jj& Ij|

«

dJj J ^dJI .UVo iu, Hideki Yukawa IjI^jj

f-Li^-LttJI ^3 lj*^l ^ a Jajuj LqLc ^jj-Ju£-j 4_ij Laj ^ajjl £-L*j ~'
fl^-1

1

Si oLi_4jjj*JIj oLj^J^aIII >'l inLaj 4aAjSJ Ijrt-tiLflj tl^LtujI 4jloLvj

4_Lajij|^j Sl^iJI jrtA aTi Jl Jj>JJ
(

_ylJI <Ua.jil 4*^ ml) ^ (^J-^ *J^'

C5^-ll J-c- 6^ Ja^-j d-> ^ <jl £_iii1jj| i>°J •^^d^-H

dij <4_uj
<j

<
s II (_gjfl II oLj^jjfl H J^-'j t d ' 1 1 1 fljj !--<

1 1 4 i >j j*C II

uJ^-* a' cs^^' ^ cs^5-" 4, -SJk u' 'j^Jf

uJ^J^b ajJ^)" Caj K' '"j (^j) «6jJ>f'>Lj ,> Iajuuia I I o ?> ^^» l

J!La oLjjJfllj <Sl^jil pill >Atl^S jklwiaJLuL liLljj (|k-ui^l ^La> Lift (j^j

OjluliLa (iJjJLLI 4^^aJl) ((^jAjjjuB—j ^jjiJ oLjjj^J (_£jja."i!l ^jji iCjI-jjJjiLlI

i<~>8 Lftj^aC la '"j" a jjl J CjljjJJ-fl-ll (^C- . a l~ "j t |jfl in ^jjjjJj jJI

I '" La^ IqaaAJI -r* uuJ O Lij^jJ, I
^Jjj

iljLc Q-fl ou^l ...I'll I o^aJI Jj

oU_i m^> I I JjLp Sj^-fi ,^1 (jvil! a*s II 4jj Laj 4a i,'u 4j_i^5 ^j^J iljl^^jj



JjLtjJ 4-iLlu.q (J^-aiLi JjojLJ <Li _9-fl.ll 4jj^lll (_^^fl-L! J *l ->X CiLj^jjuail 4_ij^jjJI

S^jLs. ^jl ml J^C IjI^jj JLi ilSj t^AJjj^ll ^$ji-U J^sUa^ CjIjjjjIlII

ijj^J 4jjljJI j-% *> tpl Q
' 11 t/J J^ljill J^Jj-QJ (LoLaj) ^-^l

4 i (n'JL ^>ijjJI (J5 1 nK 4 fd^jjaJI <Ua£j £_Sjil jLt L^jjl
J).' ^'.'J

Ijji 0^3^ jlj ^ 0 ' ""*' ^
CS-J?"'

in (_J-C- OJa, i_l 4 *< n i<-i"i 1
1

4jj| 1-—
>

1

1

^ J-io iimj o-o 4_iil£ Sj^-J SjrLflJ ^jQ ji.a£. Sjj'ilx. (jus iiUa

^,1 dj ^ jiJI (Jj^Jj Jj^ « i 4j| LL& 4_l2L*JIj <<j^» J-d^jj isUaJI

P P j

,jjo Jfll — cLijljJI (jjo Ijji (Jjg.ua I CiljjJjjjJ) Ja_jjj .tll^jjl AS 4jjLiaJI

<oljjJ^J)ll Ci5^JI JljJo ^fl'i-^'ij Ls^J — iijlUI ^ .



Lf
lJI ((ioJLvkJIu ol-j^J^ill (j^0 4jl-t "U JaLa-a ^jj^^SJi ,J£ U^\3 j-a^l jj-Luj

£jL>JI J^o isUJI 4-ij li 4_lo£ — SjrwLna iajj JJ JsJLii ^llaj

J2I 4_lLa> J| SjLjuo ilLa. Jj_a jjjj^jj ijj-."n La .liej — 4ajuilj
g

>.» iffl'j

SjJLviJI olj^J^ill j^a Ja.ljJ 6 Jj1_>H 5iliaJi ^k*.! 4jU <U SjJ tj SjIjI

L\aj_ai 4_L=*.1J Ja^aju <LaUa ^<nl«ftj ^jJI ^j^f^Ll^La t |^». 4 I t %,j

j

CjLij)"-> ai ill ,
< noli (_yjJl 4,a ir»Nl II 6jlil CjLlaJi II <j-a 4 mfl't £ _jjjl ^dflj^ jIjjs.

.JjLlL! jliLU iSLkllj 3 1"< II ^| iijju^ iij^kj HaKj Ijlj

$jLM >X^>> j^yjJI 4 nt ata> II 4_IjS £_o tu,i,i$»fc <—i mlxLj (t<_£.iA» ^Li

Jj^Sjj 4 win ULuLoj^^Ll 1 (_£ J-a j^jLi 4JjSJI 4-ajJjC oL\j)j^jaJI jj| i-U^J

l.ij r ,i ii!iL^j*d 4-fli 1,11.0 Joe j» ir>ll 4jaI,\*vo ^,ji<r<" Lgjl <tl JjJjv *J Li^iij

jj^jjl t,l& Jko Ijt^ajJ ijiiotj^La'i/l C)Ljjj_w>llj .4oa£kjuil) 4

T • • (jo La 1
j|

(jjS-J (j I i-' •v ij lia^flJl ijj^jjl <_£_jiJI AaJ 4jjt jLhujj

jjjju pi iiia»*Cj i
i
JjJiiJ'^l 4jj£ &j lis ^ ' " Jl

Sjci^l J ia^iJ) 4jj^J\ CjUiJjjJ! j iiajJalil 4„k*tl otjjjjit Cj^J jij

*J (_^jJI ^j^ajjjlj .CjLjjaJ pi CjLjjJxo Ifljifc JjlLalj 4jrfii SjjjiJl



J£j i(j^j^J^I 4 5j-q Y"\£_l 4jjL*us 4_1 JjLjlLo ^1 il^Ju i_U=»j

Sl^ill (j LLo (jlixoLajj uUjjj_>j ,jt "ill ijjjJjjdl I4J <LaLc

CjIjjjjjOI iji In 5 a on IOAj <4Ja£
1
0 nig) CjLjjjjj^JI . lifil <jt oJ^

Ljjj^j (JjLSj |J>
J)

^ ~" -(jSj'tll p.AC l.lxo Jya J \6"s m"t <jl JLc Sj jl-S

(jjSJI Ltt.*U.I L^J ^^AiXl-O ^fljjjl
ftJC (JJQ 4 xA^lJ (j killJ (JS^ (^-fl'l-k^^ J^l

I j! (((jiinNlTt)) Lciic 8^j>AJIj
v^ 1j-^. 4jjL5lLo (jj^j Lojic K5a CjLj^JjJ.1

<j1cj .(jiilll IjJ-o 4_la_<jjl ^^axuII (^ojJI J^La- S^a flJI JJ-*£-
^.U~ ..." ^

(_5^aJ) ^^^lll J^ljlJl ^jl^ Ijli la=>.
^jo

a ^ J£_iu ^j^>-> ja'i II

J^. lia. JL*i Lgjj CjLl^jjjJI J-t Jrtjlj (^1 LflJ (jjuoJ bjA

(J^f (u^O^b) ajL-" j >=JI (jjJJJJ-ll 4>aJ»J CIS* <A?

ifljjJaj ud)j (Jl jlVrJ i V\\ mij j^»l t 4_ual jLsljj Kflfl J-a-l

j

SyiL* iilL J^lj ^Aiil JjSII u>Sjj>JI «jl 6^ j 1^

.JiljiJI (Ja-jS jl) uUaJi ^1 oU.,.,? ll itiJI jl iiUJI



w

Jj>L£j ^ IjLlj SJLLi, IjLlj -(jj^-" J iBLkJI <jjl>u * iBjtis

^fch?J ^"J-AfcP ai^fJ SjLj)JI <>o Jjilll 4l5Ua ^y. J-uaSlI Ljjjj^j

pi lint II Oji^ 4jjli-al tLoLoj no I »l Ijjij *? Lj^jjjjj " |> «

ijJLuj oLj^-i-ij oLj^jj_^-> J!
« *>" - »l ' '^ *' ° ' 1 1 4 < ni^ •» II

4 '^ ,7,11

JULi u^Sjiil . » (g\ *sl 4(jSll jj-oSlI oIjj

5ji ilLljj ijLua* (jjJJ^JJ jjjjjjjij Jl J^a-JJ <J\
£>A=wj jj^JjJ (j^-aJ

Wet ^i,Im <jl < d^uuuJaJ I 4jJL^J S^-Q ^1 <Jxfl S^ a

jl u>l9J^ 6-° <jj^' ijL^^ t3-"" 6-° "Wii ^Ul <jj^>-l

L^Jj ^jc ^J-^ 3 u^RW-l u^fj -oJ-Ai^

j>J> i(jA * t £-0 I j ir> * 1 I t i n-w ^J^wIiAajj (jJaJ 4 til »A, II o > ,,1^ II ^jjs 4*S i r~i

gLjLi^ pi n < m-t II ^,in-». J| j IVi II £j^_ojj >4-iic C*il^ Lo J| 6JjLc Q

A

C3pr3 IjjLS 1 °j" 'J ° 4_ilt
L3^= ^ Loj-fi d

*' a 1 o ^j^».l pi n 1 m-» jLaJi'



n

A B

j-ol JK niSil 6lfi> «j (>ajJI fiLaJII <jLfl SjLaJKj ^V-^ J*C mi

»>4^"J •jL"^ uJ^JJi / uJ^J^i a* 6JJ*V d^-fil;

lIjI ft i in^» Ilj (_£_ai-ll ^jl&LLo JjI i fl l£ fl'tl Cj'SLtLfliJI)) ajji

I *" « I a '° j " qj 1
1 ill Li yLC. ^Liuij

jj <jSll 4lli jd 4 i^SlI cJljLoj ^(^jSJI (_j^5jJI» Fritjof

.JjiflJI ,_LiLLo ^iiiJi ,JuC I'll 1^1 jjj Lljl £_o "i! ^j-0 PLS^ (J-C- J 1^ ^ *'

C^Ji La (^-ai! Jl L\$CJ <jSllj

YY >



CAf ajb^'j "^Jfl*^ 4*>->-mJ1 Jx. JoLiaJI JXo ijaJUj J£.l^3 jblc^l



jjQ l~> >_Lfi^J La ilJLi& (jjjjJ .4jcLjI ^ j5 &jl ir>i I C)l ftj <<\y l lj CjI nj I I

^ o". " ^ ^A « . £_a I j ,A« . >-- "
. CjjJi ^1 (j-o II 4. Eg a

,jjJ^j\J Jj'S r, ij <4_iil£ icj*juj I i CM-*t t ^jl Jajuo (Jj'JJa'^I ,JLC f^^Ii "J

JjJ-i Jr>-fl~fc~\ > Jl^fiJI A-jJaTLuJUj .^j_jSJI (_>uiLj SI * Q
_>
^ I jl irm OJh\3^J

dJj£j ((JjJji SjtLuAJ iipJI A.Li"JI iais ^tU~witj ^jjJ^fLJ^I <jl

(_yiijJ
(_£

jJI (j^aJ^flJli . i_jj It-ill « r"> (m"II» LoJCjI O-jJf*0 Sjcl inrtt i^UjjjjaJI

j^j^AJI jj£-J (ji^jj t^jJI 6j-^1/ojA;3^ t>° Cxj^i -^j^j ^

(J-o k_uj^ll ^ O-0 Vi' :U-0^ 6-° *-°ljJ (j <i>j

<jl .la^L J{ J^5 S^a5 iflLJ. J-ajJI j p.L&l Jl Ja._>j .^LJI SjliS

jji. flj^JI Jl — ^jjl <j»a <Lulj Sj-a J>auJ "GjasIj ^Jju Lijuu »l k-vl

J^Ijjj IjSL^a <<Uitj Zj-a 4_A>LaJl ^j-a ^du JLiAa .SjljJI 4 U5\ Jl jj-ajJI

J if — iflLLJI Jlc Ci"> mm OJa. — U^J* f1 J^'jjJ' Sac-LuAJj >4al-> II

•4 a l-k II (j-o ((i—i^^a J£

jJt> Lo ^Ij-O-ll (^Li <q! nwn->JI djl in (^C LjjLjlaj J uoiSl Lfiijj

|j| ^la. .^r-t-a ..-Jl L^jKxi j 5JLaJI Cjl^uiaJI ^ d*^^I=>,^x> itS *5ll

^ -y 1 1 <Lojjc 4 j laj la -Ij^o " J 6 JjKj . k <LlxjS Ij n CjLoj toa. J^a3 jxJ

UU ij£|^iJ| CililSlli JU jyhl j-UuJI JjJj .o'JjLxil ik^l^j

CjLoJuuiaJI Qj uuJ 4*><Mr»">tl J^LuloII ^la^xoJI J^JI Jl Jjuoj ^>J <ial m i l

a^l^jjl^ ^jJIj ipSJI ij^ki yjLslj ^1 g.|^JI oLJi-j iJLvLJI

Ijjk Jla ^Jlc (jj < JJ_i JjLflJIj i^QjlU a. J£. liLaj t 4fij <ii-^,.ll J

Lyiiljj 4j»l j^jJj^ 5Jai jiJ Jx. 3^*' a' ISlU/i JjjJI (j-o ^juj



Natur-wissen- ila^o) N'Wo ii^ Sj^ JjSl mil ikUl <_,A5Li; j-vii

L$_ii ^yUl 1,3 mfl'i inJI j (ANT tXV oAaJLl iSchaften

YY*



o^SLSj EPR Ja^JI Jlj Lj *«
C3I51I j

J^i |J EPR ^"iLkj j£Jj ^jJI
LJ
I^ (^Jl j jjjj ikiJI

:IIL». -Laou iilAjJI ij^^klJI &ia> el_>j ^ill ^^-fill jl ^[

k_iL££j £_ii-a jjj^axs Jx t^jia^i L5jjl«s (j

Jj-o oljjJI d'v o"i jl "/o • i^3_>i ^a^Til iaii 4ail£ e>A ujUu^JI

JfLo i fl 1 m*s II J-t id IjLfl t 4.aA»ica. Jya.j i_flL.u5LII J-v 111 1 jlj <4 * til l] SjLLl

.4 Ina II (jtni'i in Oi.K ) j»J I <4 la « II Cjj-aJj i^-La-jJI j-mi'sTi hi 6^ II \sib

^^Jjj^JI ^r"ifl"> ^,1 Jl d <j a " 1 1 tiiiA La ifijjii 4 1 1 iiij ^\ IjjjJ (jxuJj

J>/i"t1l <j£-<u 4jlaoJI 4ijjuaJL ^Laci^l ijKfl'JI W
.'J

.4_L-Jj >liljj

(j Lc£ LsLqjj i^jLuaJI (jjJfl'uj£ mfl">l LLlLij ^^IjlLLi 4j

& ft
( ^ _

jj-Q (_gl J^Li. j-a-i jl jjj^J "iLl 4_ijl in" 4j-ajilJI jl >1\ i ~» iO~ill ijj^aJj

4-dc-j i^UajJI j^a 4.1 Li. £><_Lk!jlil (2/1-11 ala>*jl j->.iA j-° -3 'C/

ijia. jiOtj
Ly

£.L«_ii'^l ilKfl'ill Jjij^a- 4-na_>i ^jLtuli ilLaJI (j 4jLfi

4 >j-^"H (j a"j tJjjLLaj ilL*. J[ lillj (jl i 'J i^^Ls-i^il cJ^ilJI

iij^aJlJI J\ (jl jl .JjLLjJI SocLS ((4jjl5|j)> ^"iLij 4iaill iL^-La^L

idjGJLaJI (Jl 4ja.jil 4J!j jl Q*'"' SjJiLiiil j^i Ufl fl 4 111 jicj

I'KflVi jl i-X^ B"i (jj£S ^5 4 i mi ft iiofi JllgJ Ji»ljJI ij| jiaij jl (Jlj

.4jj^a "i!j 4_ui. *ii jl 44jj^oj 4_u^. 4-laij (4 o il m jl mi's o |»-ui L^j 4^La.jj

LaA Ja.^J ^1 jjJ^J^il (Jxa 4_Jjl A *
' jj '""'*' jl (_JjLt jjo^ 4j|j

J i-s"i*> 4_ij i i^i jj^l j-o*i!l jj^-J ^jLLajJl o^La. jjAjui (3 jSLl itilLLi jl

j^-ijj^i jii >4aUll 5l_>-> It j^i ^ '^^11 (j ^Jai JlLo LfljJLo In in

4j| Jjjji. ^jLuaJI j-^l Q i »j< ^ infl't (j LliC dllliii jl rliml JLiil Ijji (j

YYo
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Jjj ^ II {Jlc jl jji <Lajjj ^jJI j^JII t^jiiJij .ajjII ' Jljj

lfllj?i « *i jl LgJjjj in'i ^lll clj m'jl iaii jJLLxjJ SjUfllLi j*£-=JLi

jiajj Lo JgjJ.i r^.1 1 J=wlj Jj^ ljL° ll>JJ '-"JhH?*^

d »

c

O-IU JJj iLoU. |jA infi-^ Sjl (jJJLu-aJI (j 4_Lai!| Jjja. JaaJl ml

LoLoTi SjjLfl 2 U~.ll j*^ "„K mi o (^1 dljji ^j^uJ <4_j I 4-ij^flll ^jl^iil (J^>-\

,_sl£ iiaiJI j|j t"~y in jl iia. Cail^ Ijl Lo L3 ,n aVl jjij jl

Jg-fl .iiL^jJI Jai. ^«.^\lm jjl (ilLaJI i>jjJ> j^vgj'

C.i_i -vj 'J^-^ &LaJil (j I ~ Ijlj S^j^. Lqj aJc J-t L>_^-iJI jl 4 U'tll

LjLujjl jj_ua~u (jl Ills i-LJLfl 4_ijjij ^
'J

T~
~

J)
•" "' "'

' I
d i

j
~ 11 £j jj5> jl

£ jlalil Jl LLpJ jLia) ^JJLL^JI j ilaill jl£La lil ji li^kla

Jj^. j^ju. jii <^i)l (Eugene Wigner) ^i^j CA^je f-^
1 ''j^j

1 1~\ <y^A^} jl^ d a si .^-.11 jj ' j • 1 1 (3 4-LaJlJI SjjjaJj £ plj-iJ)"*"1

Sjjiil 4jjjj gjj Jo^La ^jjjj-aJI J jl m'^l jl £j-b1jJI (j-oj (ill L>JJ

LoAiCj Cj'illjJ IjLlLjj-il itiA^j jl j»£JI K v'll^-ixi j l^*' 4
(} ~»J jy-o

jLuj^l AaJj 4jli£JI

Sj-ui. (_^l J| yVj~±J j)J 4jI LoLoj jjJ^LLa jj'N j ai LijLfl '1 ia> Jlj Lo

(^1 ^Lul J-iiii ji ^L»-u)^ll jjj^o jl jjt, 4-LI uuj j-o^l j| Jj

.jJI t^jiiJI jl Lil 4 w,n*i1L Jlj Lo 4jl ^1 t^.iJLuLlII c*SjJI j ".aj n.>

jiali jl Jl j^jLLsj 0*iL^- jji ^jj^'i i^ill Ji.lj Lo J^rw ^o^-uaJI

.4iib

Jl LoaLs ij^^JLlI Llcl ji LUl jj .^."i ^L^i "1j d.l.L=w\JI 4J.h1.iij

^Ijj^I i ala. ii^^Jlll LIjj^-I j^^l-t^l J=>-Jj jSJj
'Jj "^oll (JLvll

I(JjUalJ| O^U*. j-o ilLa. J ill.AJLa 4_> ^jJI pUjJI jj^-i 4-l-cajJLi

^l^p ilU Jl jj^> IjIaj

rrv



t>°
<*^j-i u-o-^=> J^-Je u' ujjj^1 y^-"^ : ^ JfLi

4jjej^ .(FordBlaisdell) Jjj..ijI> jj^i <OJ^l «4jjSll

iJ^xLo <Lcu-ma> (J^-Jj <CaS>1I <djJa ,Ji.lji]l Ijji JfLo Cj, i

j
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, A tit a 1 ^ t

\ q I l_j

^jLq^JI 4_Lj ^l (j^j-jjj^J (j^Laj :Yi — ^ J^-ili

I °*> 4_iL>jJaJLi

La ^,1 4 Q,iO-> ^4 p-gil <j£J
<Lf

a. 3^1i~a ^1 dljjl ^^la. jl ij>=^l <^

I J-t t/^jlj Cijj> jl J^-^ >i5 ^ r\"\ II ^gj"< mil J-t Cj-W II Ijjfc ^ 5^

m



dS all jl o's'v Lgjl !j\

L.i'iLiv Jx. ^AiLu 4-oAj ^j^'i uaJl ^ 4J2JLII 4-J>=»-i Jl* a-u£~> 1j& ftj

PkjLu^JI (j
\

i
j^ioia ^if^jJI J,t,a.">,iiill >4_ii&jJI EPR 4jj^j

Ji J^JJ O^J -H^J? C>J - -H9 ^lill/V3^' Jjj5 oj-J

4JuJLs> « ^-xS IjJ I » 6J^JJ (jf^ Lo_»^ ^JLaJI <jf JLoIaJ l^r-lAJ jjl

^ £-=»-i>» (J[ ciJj jjj .J=l5lS 4jS jJI oLut£JI 4rmij^j -Uhl »ij JJ> 4jl

ijj-Lij lj 4JjoIjl1I JS CjL<A1Lu ._itc.1j O^lj >_.u.»iiH JjO^-s

• >a»tjJLf _jJjj

,j-a ^i^J) <J ^Jjj f£J' "SfJ-k" Jj-"'°"' ij oUKJI (j^a i_s"i/l Sj£ jLj

j\ iiA> ^xis jl j^Ja jJj *J^fl£. jjjUjo J-C 4 a tLki I 4j«iltJl ofj^^illl

(j i_jjI_jjL1I (J^UUb jjaj^a <j 4
"

j Jift l at ^ «,j£j l-«a,l ]l ^jSJI)) ^jC 4^ajg , fl 1

ijj'loj fllV^H 4-mj|go j ^jLi Lfl>jjj*. (^jjJl) ' mlxlll

> i-

djj aSj
.
Jl^uJI £_tis_ji (jj^J (jl (jjjJl *(_jiJI J-t i—

i

jj i ril l

ijjj^ol Jj>."i! Sj^Jjs 5jLu») 6Jjij ^^ajJI ^j-a <c<UjjL*_o jr\X. 6^iJ» Sj-s -k„H

tl iVn.nl SjUjlS jlh ,_jaJ1 ii'nl
Jj>

uilj £>±*j
<
JSJI UiLijLaj jj-j^l jll^

rr-



J£ 0«-La> ±& 4jLiJ1 j oLlLa.)ll J,l bjjSi jij (jj-o J^C

{_U>» jl W^tjlj-1^*- l>J-£> JIa 4'il'i ml Jx 4jUj*oj &jjJ (J ir>

J^Iai llij ^j-SJj ill^l Qa itlill (j CiS^JI LoJSj ((S

u^ ml) J^iji.O IjLoli *J j) ^ 4j^lkll ij^l S-^jiJI J-C

.iji^UI jj SijU^I
(_rLju J jr^U! j -LjL liij JI^JI 4J 4^11

((Sl^I 111 (Ja» _>Jjj ^yi i/i Jl^-"* C£3-tu _>^^ j i"> i j»J LaAiCj

<^ 11 JjjS i^ya <'!-> iAll (^j-q ia_)Lc 4_i.^oj 4->j)-> n-*>o p « i 4jLa.^i! O-ilfkj

c-ijilail *(^jJI J-£ lj 5 fl">j J_C i>>olj 4 k-^. JLlA CajI£

(_rLaJO jl JLuj Lajjc 0 /-»^. oi J£ ^1 J_C jLfijI dLifc <j£J

oLiL^II Jji)jjjj ^j^jAj ^ a > fl -> (3l»"> 4_£j^j 4_iLi.l

^Ul fr^^iil AjjjIj ijLJ dliA ^1 ^Lj t «uJ| jU'.'. vj Laic dlui

A - La
lJ*S in > -> mil <_jl^a. gt^j jij (LljjLaJi

f^-))
j»JLc

j 5 ->-.]) iOcx d
?;

v. oil^ cjUj>U^I ^li 4 mi j jU-H ;j .iJlJjl £

j^JI ij^JaiJ (^LuiSlI jj^J.) ^1 J-C 4 uaflll J^^jj .J^aJI Lfjj_>
ikiJI

ajjkj <5jaU=^ nv"t ^1 J] 5jjfcUa L^jc JUj iilj\ S^kUa dlla (_>uJ 4jl

^^a^jJI lxaj)(3 in j 4_ljjX- Ni t-w !_>»Jj (jl (j^.<vl) (j^a Jj-^ «i ">ll (j 4ijjJaJI

^ fl mil Jajj 4^aUI (^-o 4 A, in'JI ajjk (J^ 4(>_JjJeJ) ^ fl m 1 1 4jij^3J _>j^r»Ji

4_il_iJI Jl UJ ml (^^j .ia^kiil ^U) fr^uaJI Jj^jSJ ixuXJ-J d^-J^iaJI



Cg5'»ll ^ J£ <jojLaJI oLjjj^&JI Ja^j (£>i.l iijljJI ijjjjLllI

^ .ililill 4_iLjJI <JI <t^3j cm-^JI -^•'i J^> jy^ 6j\** J^J '-i^LiIj

u-uU. J! 'jL*"^' «Ji *-flLS^JI 6U3I j iuliU 4_^Jj»JI Ja^-jJ Jfa^J

iia.Lj i_sLi£JI <JI 4^»"ij m
Jj-^' J^*- cffjJ' uJ^^" a'

I
(]

1 0 »_jjaljj 4_i
j

~i H ^jjO 4 ^, m*>1l lJJj (Jj-a <jLfl J-iSLj J£_>

j

Lg-ii I n in jj (_jjJI 4_i

j

-\~\\\ 4_1L». (j La£ LoLaj <j-aj ,j^J^oi J£

Ji^>-J ^J-*J (Jiwljj LaA Arwj ' "ilj jjJ^aiJI 4 31 uj (_^jJ( jLujil J J-\ 'i in

tjl^jj^i j>
1 1 a ' 4-kjVfLil 4_iuJjl1I ^Ui'i 5j-a jl j -» II j JjJtili q^Ij

J"^-i. JJ.' < II i^ya oLj^aj^aiJI La5L^a IjLLlu qj^'iI 4-J^laJI ^uljuJI

La5£ jj^lL olj^JjaJJ a uilJ ^jlj^jlll 6j & a j^-aj ^1 t llj 4 n>J t II

oLjjj^&JI Jj^sj <iSJjLa 4_Jj-l-.ll Cul^ Ladifi jSllj -(^-aLU J jl£

LjJ^ 4 I . dLlA <_>uJj 4 j
—Nl'y II (j^^iSMI 4_i ilLa. j La£ 4_il_jJI Jl

J^ui Jill ^.JJJ .j^JJ^I Cj^lJI (^1

tj 4X.J-JI jj Lukj Aq mflj 4 i^i-^ III ij [>aSUI J^Li- j-a Ofl J>ale

4^>.j*i a ft 4*aJj).KII £tjl_fiJI Cul^ I jl La jjJls (jl ^j^a^sAJI jja jn ilfl < 4_ij "i 1

1

v_y
J-=- 0^"' -CAaSIJI J"iLi. jjJ^&JI jj^a OAJ "il| 4iiLa j\

1 0j
a j-ttj Ljaj

(_g-
j-^*\ <» Jjb jjij j^ij'ifj t^JLuJI J*^Li. jjj^jilJI j-aj

^iwLiII jLiifc*i!l ij^aJj Jj LLa ^LaSUI J^^La. jl A^.lj J^La- jjJ^aiJI

^ iln"> m\ j.11 La Oil. j-a 4 > "" j^ju jryLl oj 4 I » fl '> P^i dLub £sia>

4jaj*C I LijLliJ J^c Jn" tj J5^l J^c ia-lj jjJ^ai ^Jj^ i
(_s
-alll <iAj£

.oLuLlSJI c- I_j_^-I

<dj
(_y
l»-a "i! ^JjLlJl j! 4 5j5~- j iJjjIs SJlilj ilia 4Xuj*iliJI (jls



(J| — «^jjj^iJI 4 I * aj IjLoC J^flJI II tillj JJtJ Lil (_yojJ)) 4 ilnfj 4jluo

^o'm ^yo^. (SS^oJI &
(_?

jJI <LaKJI Lo) Jjill (j-o^ii£l — nij jl

.(VoA 4-> in-. ^IjjJI <_>Ajlj) -f 4-^- A>"j JIJ-uJI

<tljJl_iuJI ^Jl Sl^-la Sj^jgall Ij^j £^jJI o^-°f t^^-0 C^' lJI

jiJLaJI (j 4j^_JI LajLi^. ^'no ^l LgJ (j^j-J 4 ifl ml j Cj I'm a -s "i ^Jl jjfc La

Cj I 11 17. <j-a <jj^li <JJj£^ jJLaJI (j J£ <j^J -<JJj£^

LkjLlcl ^ >t-»" im*< ^ frlj Mil jjjs jj£"\> Lxilj 4jit ^° 'j^-ll Jcl^flJ

4JjL$JI 4-a4lLI S^LaJI J^J M^aS ^Lj J"=lj



>hi! jLl^l Ji* J££ jJUJI :V\-^ JSLi

» s

^>JJl CjIJ*l fill I (3-0 l^-j'JJ.I > S*^J I JJLJ jjj tl)J^-" J J-qjj C,u-w

Jjf_>i= — ij^jLiUI SjjkLiJ.] Jjti«j <jj£JI J-c SjjU oLajI^

l(jj^JJ mho liilj 6jjOj Ijjk t->

«

jj — ji-llll jLli."ill ijjjaJ 4jjl

<Lcl 1 im^JI 4 iflK II oLjjjji 2U^Nl , «.4jjI«U ila (j£Jj K5 8 JSlI j^ujJ

l>> Jj)
'^j 0^ 6^ <j^"f* olr* '^'j-^s Jx jJjj

^jilj <jl fl-$j "il ^Ui <Glj tLij 5jjlI ^1 ^jaJj ^1 ^jU'i.iu culi

O
I

j I I'l-Vj I (JS i^-> (j-o y mil "ill jl ua I J irifll J^a^i i *i I
fl

'lf
L
yi^j

ol_)\j'iLo!i j (Aspect) c/o.nl i>>^i c*ll^j ii^-liU SoSjJaaIiJlI

I j ...I iSj I \a! /» jjioj Jj ((LjlsIj)) laiLfl " 'I ^Jl



(j^L (Birkbeck) cl&j^ iJ£ <>a (David Bohm) ^ a^lj ^jJs jSj

<Li&uJI EPR ! SjJia. 4-\ mi'i ij ((^_lxu) ijjjjill 4^^JI ^Ujj

£y> CjLujj mil
Lj
ii k_fl_>J» ^1 Jyi j^JI ^aj j^Jp I *>£Jj i N S 0 Y <LLui

Llxi j^JI ifjiaj CilJ^Ii ^Uj; a^.1 j^j ^Ji i^^^iuJI ^>5JI

Uli 4'> in ^pij i j ^-a-Lflll jx^iJI ^jILj la asj ..^jj^iiJI ftjji Jla

^jjjM iU^SlI j^^o ii J^aj ^jJI *Ij3*oJI fJU: (John Bell) Jj ^^=J

£^a^JI ^tlaj ^jjLkjJI ajjj>
j> g aj ^jl^h. ,j^Jj

*
4 i_fljj^. ^ v^u^iil CERN

La£. 4-> Sj£i liijJ ^1 J^lljj Q-> ill IjJi "iiLlS *lj^JI Jl

.«v Lkilu.^l»)j (iJjJiil iS^Jl)

Jlo l^uia I (3J>ii.l i$>»J!)

.\<\M ii^, <aJ^e .\ JaJ.1 .Physics «L.jfi)l .J^ .£
*



iLjj /j£. ,.-|~k ill

jl ^jjft Ljjfc Loj iAjjLj Sj-o 4 rnO i 4_^.jJL> k i jl (Jifl ij^jjja <L

^iil j-oSl « Jfl-cJ» J|j «Jxi» Jl <p|jiJI (i £>Ujr>ll iJjill Kj^JI

(Jl n mi jj ^ n &LaJjl JJ^j i_y-^
L^J jJ-iJ 4-Ljj lr*i 1 1 JjLoj

(3 f>J
A*' iiij (jl ^ ^ I—>*t > 1

1j
jj^\^_l^ll (jLfl j\ IVnn

(

_g^iiLaLjJLa Jl n I ijjlilLj

jl tail's » II fcLaj^l (J jl JLa-ll ^LaJjl ^ : Ui 8 £>GJusla^o jryJL*.

ft *

^jjj EPR £_sljj J-c ^jj c^Ajaxj ijjj .^jLli.1 jLij^l Lflij «ci^j»

ijjljiu^l ilLaJI 4_iic jilaj i
"j" ^ >i.^L> J^|_jJI La >"j " oLi^Jjjdl ^jo

oL^jjJI <> j-jjJI 11* Jii UMj j£JI ^jljJI ^>JI Oj^jj .Singlet

ft p ^

Jl j lo r"u l jjj £<_£jjaJI jl i/~i"t'> (jl 2_iJaituj JijAaC-j < jfl inll L>jLcuua

ft - • ** * \
(jl (jSLojj (4 uiSL«-a CjukLiJjl (3 Lij-^JJ <bL^al 4j (jGj^SJLl (jG-ft < maJ I

^ U^-lj (^J^) ^J** ^>^J C^j'j (O^ LAjjJJJ^I 6f^ (j* J^-l jj^f
( ft

> <ii*\C 4 <ut 4-i^l, r iuLp I nfl i a J^J 4_JjjLl>l 4^j^JI (jj^_j (jl Jj

*.ULo LiL£ I A,\\f. jj»Sll jL£ La^ Ijiuo JljLo CjLjjjjj^JI £jjJ ^j"-^ 1
1 jl

" '
' Lai lo •" jni I

')

(j< i in 4 n it IjLfl

t_)i< lO" (jl (j*C n ,i i S i*S j*\ Ij i jfl j /» ^. 1 1 (j| Q i -> tj^a-SlI 4^a-li i 8j>" 1 1

1

UiS i^jni^UI jJUJI (j J$_^ ^Lill SSja.lj 4 r.j,,,^ I iJjiil 4^j^aJI

ejL&LiJj^l (jnjfl'v (jl lulf. Ijjj tjLjLj*j!l ^jj^Ilj {JLt ^ ol oj II j-o J^LaIj

a^^JI J,^^-w„ <i;^Lll jLjuSII oL.j^ 4 4JjjlLI 5i^JI

L^i ^ ^ylJI Cj\q-^"i1I ji -^1 XaJ hiIj) iiKJI iJjJiil

vjLjj^q ^a.1 (JJjUS JoC Mia. . al'i^ n jviJI jJLt (j J-
1^^' •(Ll*

5JjjLLI 4^>aJ1 <45^l oL.jlLI ^ jrjJu diLi 4UJjjLLI 4^jjJI

ft ft
>

jjjo JJ^I Sj^^^o (_^Li 4_tnij CtfljJI (3 I J ml >5 j£-oj 4 il tri's'i
{
j^jI

iJjiil 4£jjaJI lllilij I wajl -a'- o5^JI J 4^j^JI ii^j ^i^i.1 (j^LS

Bernard oLLa-U^oj jjLi^ jJo-ml^j Jj 11?- £-^l>Jl jj.oa3ll ^^piJl Jlill li« J jjj^*

~i\ . T •> "V"V jjjjl o^i>>l '•IjaVijLui (>» ikjuj j ^j.Ti'ill (ijil^ltj fill Sj_>Iij» JLLo j d'Espagnat



Ijli ^quantized) iaiiS-o Iq . . a \ ^ jjjjj^JI jl jj^J^I Jlo 4own-> I

SdrJj 4_)L».I J^. J .^->." . djLi 4>LaJil (^1 (j 4_djjill 4^>aJI 0,»u5

4_djjlll ^^aJI ^1 ifl ij <N— ^1 \ + ._)"<"> jl_L=^l jjAaj jj <Ji-ujl jl

\ - ^ -
p *

<L$JI J 4_>LJ y-jj-v II j^-lj >=*l aLaJjl j ijJjiill

. j^l «L$ijJLj» ^ylll iojiJI i<£>a.1 5j-o JjSlI 4>Uj*iU 4jJjJill ^^aJI jJjuLaH

1 \ mL)J5 ^jl 4 ^ \ \ \ \\j tl_£j-l| O 1 1 guLjoJl u^"^ Q
^^ IjL?"0 ij^-aJLl!

Jji «J^.I» J| <1^J1j 4j>l Llli^SLaj ( Z 4>Uj^l j 4,nj oia, H 4-JjJill 4<!^aJJ

J^. iiiLi. o5 4 iK*^ jll 4_dj_i.LI 4^_^aJI 4jaJLo ^jjjLxSj <JaiLfl OjJjJI

C^ioJuuiaJ I <_£-l^! 4-Jjjill 4^>aJI cJJjLj^ LlljLa* lj| "' l=k-j IjLai 4 Ac.j

C „

>4->jLaid I n g
') o JiJ ijjjiiil 4^^^! jj^J jl Jj *iLi <LLo LajiLjii.1 Ijl

^ I "(] N 4_JjJiJ.I i^j^sJJ 4-ul^nmJI "'I jLs 4 i If.j <LxQ-uaji_> ^jii^Cj

(j » CjLa.j) full (jii^> C. (_£^Llluj^ (jjlj^J J-1

^^SJ (j J^'i* l-0^^ -l^?- SjJJuJI (Jj^l\ Snuio II iJjjiII i^^aJI

tJJLJ j£. (Jjtill ^ la ' jAUJ I j ^» ' ^ mj" CjLa-i-maJI jLi ijjj^a^l EPR

^jui J^a.^ * 1 . frlj-A « ^ » -v « 1 1 4_tLi^a*iL) I » ajji j->l't ni'i i\ j^-ltl

Li ( 1 / 2)ft ^ 4_J^JLil SSj^JJ iiiuLu/^l 3a=»^]l .olJ ?fi jjij jl !> 5"ill jl i

°" " Lojj
*

5S_>^JI oLa^l I |j
MitLo ^Ul .jl--"ll j ^vjj Lo jilj >ft 'j^ * 1 * ^» c>ill (1 /2)ft ^^saiUj jjlj

rvv



is jjt ^"1 ~> Qi^.a.1
l

_jjJI 1—ijl till p t-s,< rs O*' <i "^"» ASj

<4jjUI CjI njm-s U (^ujju) iJjJJLl 4^j^Jl ^ Sj_>_> oLjjjjiJI Ufl*i ml

kjljll <>JjiJI j aUjiSjl -M ">
"t 4j ^LLail^u^U .4 <nfl\ jj> LxLI JjSJ

as I "Si I JJjaJi 4_J_3-»-!-l 4^j_iJ! j| 1 n\ LoLoj oLj j-fi-ll <jja ^1 < mi t j\ jjjjij

L^jL JjuG jjjjSJ^JI (jun mil Sjl U'tft fijjlil m-s, IL lajj^l ^IjiJI j

<_)! ml L^J ^-^jjJ ^^1 CjLijJjiJI 1. ta> -si

4£jn o ^jjfl 4x,j'nr»rt jn ft mil SjUaj Jjl

tihjJa L^Loj jj^-t'i CjLjjjj)0 II ,jlj i4_jj J_xJ.I _^»l" mJI (JiLa £tj|^JuJ| d>*

La>j^ J i,a jyC p^ujJI j^Xi 4*JjLa ^La^JLi d mi nj oLjjJj-fl-ll J£ (jl_j

^jjJI CjljjjjiLlI JSj tdLjUJU LiJjkUuJj ^jlj^sjuJI JSLik Jjl
U"

4fljir\ll ^jjfl All J j^ull j_Jal*uj ^ JlcI 4g ~>*>^ £«-ojJI J^*-"

"- '
"'J

(_il l-i fl"i miSJI ^ n in s i^l t—»

0
~> inSjl ^jj I il dll 'idsj .4 a ll-s o Liljjj 4$j mi all

JjLk-l (jjjl LoSij »uJJJ-O-ll Jfl'i pljjl . J U5* ..Nl fs I -w "1 1 yuuL i±,l i-v <(_J_>jI -iJI

^j--" ^jJkj -j^s^jlJI <LojiLa (J j\ mi">
<_y

jJI SLlflJI jj)ir>">*>la i^jjIjLoj ^j-a

o ,i 1 1 Asl --" Sj^lj t^sjfllja o ^js"o »jJQJ IjJfc ^yjLij <4_i_>jI J 4^^^ I it I inf.

ijjialll iflj ~ 1^- 1
" ^ I j LAjI lilJj |*loaJLml o.ij .^1 .n_JI aLaJi ^^^^ilj

Ciljjj^aiJI JS^ 4_» (^lll qLj'wiitl A=J s_*k5ixuil (i^aaAJLfi <jJLaJJ 4j-oSlll

' Jjl ft i I

J
'a'- 4->jljJLi I ~».Laj Jo's 1

JjjjSjjj (JiLa SjLo JjLi. pJ'^H j!j»aL> jl <4 -sj s,-sj i^ill t_SjjiaJI

(J s—it">3") mil Pj i^ill j U.
>j «(jULA «_>! t^i5"> ml jjjaj Kj 8 ^ ft mi ^jjJI

.Lglox- pLul ^.o^JI (j5_rJI j^ac j^Ijfi ^jikl Sjjo oLj"i m il



&L»jI (j _ .Ua". ..." Lg^| Lq| II ^jiioil J_c iJjiil 2£j-aJI



j-y % 4Ja£ 'H

^I^JI Jlo ^j'v" tu tLijlUI 6jl"> mili t'txiil ^j|j^lu 4jj,X*-a Sjllou J1a Jjil

cJl'iA t^jj£-> Lo J*»f- 4jI <_i I fl^> 11 4_i_fl Lqj J^^l) p^juJIj -I
i ujlj 4 i^-ij.^j-o j^j-uj

.pjj^a _>-aj Jjii J*S nil!
1,'tfl t J-qLjlj)) 4 Jaiu.mll SjU.1 ^ya US

°£0 ijjI^J «4^j1^-ul>» ^Lu^j (^lill Jjjj^jaII £jJ J;l LjjAjRil jJ

^yjull _.iUfl wnil Jl Jj^aj ^pJl CjLjjjjiJLa SJjSlI l-)U5"i ml I j& £-a

oLi^j^oJli 4j*s t mN^ II *jj Jx. e-Llij
'CgJ?"

'"^ *

a
^ J^°J

J^jjji LiiLu J^llVit I I.X& (jjQj < 4 a l"^ o 4.i^*C It 6j^*3J! Lol .j-sj

,-.r.l U" ...I ^pjl Li j-fl-1 La il a ^ jjlII j-eTdl ^jL <ji!!j .CjLi_jjj-flJI

4 t in'llLi "1° 4-1 jl_^J 1 q >1 Ua". ...1 <_£j-=>- -ISJ tijjjlo J-JLflJL) OjLua jj) 1 1 II

CjLjjj^iJI 6 jji JjSlI cill La |jl > ' IjLoi 4 i Ic.j tJ uajl (_it-iS" . i) fill

4jjljJI o i
->.j 'Jj^l ^tlpa~i mil 4-ojLs 4_ijlj ^ i^-i i _>^l I jUS"i inn

iLojl ^iUS" mil liik °lo ifjl^j jjii (j^j ^ L^iLi *

0<
\ • iiuLSJI

.^aLLI (_j iliJ^a. Lo£ CjLjjjj^iJI i Si^-i't ^qjj

**''* "\j l-i| ' cJ C5>^ ->AJ (j-^ Jjl-ljaljuLa Li LiaAjuu) I '"^j ' LcAjXj

CA-iJ^l J^L» dJj£ ^>-QJ JjSlI uikS'i mil J*iL» >AJ ^jJI frji^ill ^Li

CjLiI II J^ykj JjLjlL&j ^j^a-Liou I 1 1 i j Lijl^j j-o*5!l jAjjj i/jj_)ja.Sjl

^Lluj pLij Lijji Luaj^*. JJ^I JjjSLlJj iljl>l5ll~uxa tj}
'/^ * * 4 i ni'i i 4-lLiAJ)

iJLAJI oLil^l

CiLa.l_L*JI J*^L>. ^jjjaJI (j 4_i^j»j^> ^1 J_=iJi j»J ^jJjil ^1 > mil LgJtla ^jill

4-Lil .nil pLul lill I j If LlLaa. jjlll CjLojIaII j-ii

J-oLaijj (JjsJlS <EPR ^jaiaj-a Jx Sjjjja. <Xjuj!H Ijjk Jiwjjj

1 cJljLo 4 > niLm'jl 4_ij -> ~>
1 1 (j^Jj i4_i jLo CjI nwn-w ^j_o "i! J-i CjLi_jJ^i



I 'j > " jj ^"
"> U . ... »" llj ijjjjSLjl-o <sL*Jjl (_j Lo J£ mi i j\ iLiJj"^l

Llis tLo^j-o <^l <_)! Ua*> mt (j^iLii j^Ej LoAj"^_i-a jl^-o ^/j^jiJI <iljj

Si_.il 1~> a") ui^l jlj-o JLuj iLa_il (j <4_JS (_gjl t^^Ii Ijjfcj tj1_m-w.I

.LgJ"iL_. j,jjjiJ1 ^oj jl (J 4 \\ n ^ 4___-ji _]__* <_Uj (JjLttj jl Jjja_ojj

«JiLtul» JJ jl «J_tl» (J| j^jjidl i_>l Ua" ml jl_C Ijl jjj Loxs i_Sjjl1xuj

oUi" mm — ^xuLiJI pi iriall j^c — <Gl j-lxjj i^ljiJI Jj j____U iL-Till Ij^jJ

jl JjiM jjJjiJI 4_tUji_ (J-uXlIi jl mVjb ^^ySJ 4 mfl'i jjo ! 8 i'v i jl <J

(jjj^flJI . .tUa".,N LjjjjLjijj *?
Jj*^!! (jjjjiJI J mi fl_t Lo_> jjjJ>l (3 J ' " '

t

fl

a*' 4 U»-^ III \'.r. LoLoj JjJU

j-illl (j^o 5.1 _p£l c 1 L^-jLs <5->j^il1 fij-A (J i_jj-*JI jj-oill

(jjo ,j '

°'-~*' ^ya 3"^" da ''^ ijjjiJj jl tjjj^li i I I jjjjJI



.jjlj Ja-cJI IlLs> oIjjjIj

(jxUjLj 4juaLa> jx^j Jail iJ jJiLa (_£jJ&jJI j»JL*Jl tCiLva^L mjj Jjlijj ^j-ujS

dlljjll) ^la>-a (J <LoibLuLO (UuLlu SjjSjil (]jl£jjjal chaTijLm 4la^a (J

lajjjj y[ oli^-LvuiiJ J^Aj J*- Jj 4jic ^oj ^jJI
(
_>uLtu

,
bLI lJjjcJI

(_f
I j-iiHj

(2)1 (jS-AJ IijjJLjJIj i %') jl ij^i Ciljjbl inn (jjd 4>.,u,> J]

&J£> J£j -«4 ilaJ.l» 4-uiiCw 4jJt j^U*^ tS^JI ip^ubJI 4-C.j«ju £j-oj!

JJ SJ3AJ.! 4Sj*U

Y1Y



T

2 M>

i

sf\S$\^*^<./t\st\/f^^y/ts.*f\ ^^./^^.A^^yfyy^^^. /^.^.^\^/^^\/^./fs/fy^.

T

3 jljcl ijjiil 3£^aJI Cjlj CjLaJuxuaJI Lol tail's » II &LaJj"i!l

.JLaJ.1 Jx. <ujjAf. « ih^l ^1 Jx. LaJ SjjLSLi

p p

J.^ i.M 6j-o J£ j <Gl jii «X, Y, Z 43^1 jjL=J.I Jx LLUal

X 4jj>ill i£>aJJ > - iooS J^-J <GU jjJ X 4-J>»ll 4^_>^JJ > + L^ii

^,1 Jj "i! iSj^kJI a ( 4_(Li^J (Lsuo tAjj^t (JJJlJ (j£Jj Z jl) Y ifJj>i-o

Y,
l
^-fi>l^riJ 4jjill 5£j^JI olajLua Jx. J^uajJI <j£-oll <>a Cx£r>

LuliLlB <j tSjlL *sl j id (_>uaJ j^qI laps JjaII 4 i-wlj

p . » » s

l^jjJI clt jl •» i") mlj hjI-j^jjj^JI ^Ijjl o-Q
I 4jJjj«Ji.l 4f£jjaJJ Qjlj) nif.

<4-Laf. (j^-eu Ij^j ^jja Jji jj I
(j

in a'i I, jl's^a. ^LlS >—fljl n-m

^yjjl ^jLjjJI
(_J

Jo it^A^o <lj-iil Cj t^. jj^o -^j^-^l all CjUojIaII ^

j-taU^o j jjLl^jjJI ipj^l <^j^JI J-c I4J u-s^aIJI (jj^ Si

^j.nM^II <ULLo j J jlj Uj <XY, XZ, YZ ^3 J
<L*il^JI (^jjJi liij <LjU Jlo 5_i>=kJ CiJ_>^-l Ijl <Gl ilm



oLjj^o L^Jj i^-j-0 ^fO-*-0 I4J j^c <fJl*JJ 4jK II

^ ^Ul JfJI <> Jil liib Cx& Jj t (^
+Y+

)

.(X+ Z + + Y + Z +
)

3£^J] Lo^ l^K XZ, YZ oLLS

oLluLaS Cjj 0 kl IjJ 4jl 4 -\ 1 <o I^J I 4 fl \Q ~\ II S^IiLwa oLiLui^JI (JI^jj^

2^llji rrz- J x+yz + li 0^ Jj ^ y jlkji

f- p p & p

^tjjl jjc j^)-0 J^l o-"-4-^ «_>^l» X+Y+ ^Ijjl jjc- (jl (jn^f. J)j*m 1

OtAia 0 X+ Z + <Y+ Z +

t^JLuJJ 4gjiil^Jl 4jU II ^J^JLi CAJjL J-naSlI j Ifl'if- jjlc. oLI .-> II JSij

SljLuLQ j*J£-» 4 ilr. ^jIU > «Jj^j|» SljLmil jkJC jl jjJ> 4 s lr_ ^jul I
oJU.^Ha

^JLvli 4 \\-\ 1 1 4_u«Jj|jJI 4_>jjJI JjLfl fcjjk ^Jj 6
1

jLiu.fi (}"*'! Ijlj "<ij^

.j^k.1 j I ("lOj Aj » " U r.r Sj^s -v^ II 4 »j U\ ,-.•>. — 'i Ijijij <icjLk

AjJjjJtXI i^aJI (_>uLil jLlik^l Ijjfc jJaaJuJ (^SLoil <^a 4jl ^jlill

^j_aJLiuj Jjl j| L^jIj^-I Ijja. 4nm SjLc ^j-ikj '5->jl iii'u Sfrl 0^ > pLo > m-\ II

CjJIjLo L^jl ^-o LgjIj^J (j J j «nl ^^Jk (_yjJI oLj^JjiJI i_il 1-i5"i nil j^yjLiil

"^j^a cj.^ll ic '

'
Ij -

~~

J i Q Lj^alij) 0 1 1 Jjj^S in 4 l"*\ (jX? ' 11

^jfi ii^'m ^jSM ^L=»- Cjjj-^-I ^aJI i^jj SIjLlu-o jkj£. pljl AJaI In* n ^jl ^-o

j

p

-
'

i

iJj^jil i^^aJI vjLuiLS JjiilL 4^ a.JaJLuj| ji 4k~> III dJj C^>?-l

^X>^' f^Jj (_^-* 'jJj ' SljLui* jkjc dfl'/u ^^a
j 'i>jt*jjyi

.^JLJJ 4^JI



<-ij
^

"' ^ ^JJJ 4dU j J^a. N W~\ 4JLuj l^jjij LtujjAj 5_ijjjJI ±,j -\ ill J^Lui

iflUa Cjlj oLj^jj^j > (j n "W\j « 4 1 1 1 I 4 lL& jjl 4
>j ~ 1 1 J*\ ou

^ .\ i n't Lojlcj i jj \ i(j 1 1 CjIj j (j-o l_^j£ Ij^ic (_gj~>"> j i_flJA j-C 4 >rifl^>

^IIaxuiaJI JiJjjj — >=»l (J^jjjJ (_jjJI — LA^-Jj-ifA Sj j Sl^aj ij^jSjl

(j£Jj .ijjjill Uflji^A, CjLjj£a (_>uLi5 (j^-aJJ ijjl^^ij^l SJLaJI J^L> (^-o

CiljpjiJI fJoA-a i_fll_i£JI J^nuj (SJjLk CjL"LiiJI lll~u j»l_t5ll <Lj)i i/-i

CiLujI vflll (Jj^>
I adie ^ijjji, jjl 5_i II ,j JULl ^JLsJJ Lfl^L>.j < Uaa

(jl '(_>ujJ
(1>J

J 4-JjJlll 4^^aJI CiLjjia J-^i mi jjl
J)*\

fill ^ya (JjuaIs

4j|jj i N *\ V Y 4

\

/ii ilUj Jjfc l^jjij j^iiSj <CjLj^jjj).0 II ^1 ntL
iJ^j\j

I

gijlli .-.Ijl .'-L^ll ^ £^aiJ1 IOA Jlo iLuj Oj^I WVO ilcu

p

4 tl~> tl
l
_yi-*-o Jj^ tJj£-tuJI I

"(j "j i(Jj Sljl din j»_l£. LlL^lxj 4-Ujl

3I 4_LtaL>.j i^SJI K >>K ift 4-*.1.^1 ^-jLua ^_kl j,L*^ <jLi ^oU^j^ill

4 <j "
1 1 Sj*C J 1 1 <A LOjJI jj .(j^L^j^l (j 4 fll'A. ^ .-.I .\5" .-.a w" ...I ^ulliJI

jl ^j wnl l^J I oljj (j-o ^jLj CjL>^j_oaJI i>jjk OjI^ (CjLi^ajj),0 IL> 4_uaL^JI

(j-0 5J I "l -> II 4 II ^ II ^1 j^jJJI C-^j^> 4 l-> dll^J L^Jjljl O I '(3^j"^

lAjj£J| J^o-ualj aLj^Jjl 5JLJI Jl 5jllLI 5JLJI J^o Sj^ytJI (Je^Kj *.i5LkJI

gjlLi »jjj>.^JI ijjjI^JI eLti^lj <<i;^> Sji j^jj o^rya. ^^iJI ^l^jj^l >>l J 1^1 "1 LUli lla ^J^j

.Sjllll iJUJI J| ^jljjJI 5jli| 5JaL«jj OiJij .jjj gla-S, ^ ^Ucl j

lluj^U J^JI ^jjJI '"-^"j Sjllll ilL^JLi (^aU lA^I iiuii^JI 6dA ^j-^j.mj

^ijLaJj! J J^it li ^i^ilj «!f£Jl L^LtU^ Lljlcl j^jJI 4jjialJ1 i^SJl Kj'iKj o ifij^ j^"'- J

Lj^iU aiLJl jl^i

\\~ ...1 )j| ^iljjJt j Jj Lj^Ji ^ Lac JIJ^iJLi ii—iM-flJl p'fl L&jj .i^Liil ^Ul cjIjjL I(J Li^I

jj*. I fr-^ii ^ij i<Liic J * La j^b La
: j^jfc j^aj jLa»i| ^Ll J ^Ijl^ >^j-v" II J »^ ^ 4_i^ oLiIaC



j^Jjj^i iki^ i

.*!-> ill

2JLJI Jl JLali^l ^ Sj£l jsl 5JU Jl JUli^l ^jl :££iL>j-o jx.

CyUj-> ir»n (jljj^J (^jaJiLUI ^jOjj^flJI (jLi .i_jjLjLll j

._ tl U.a" ...Nil . "i^j i a ^^xi^-LI C^Lj^L^iJ!

Ijj 4jl ,W 'i (jbkjjJI <jjljJ,_^ i^ U (jl (J^J ^-fl-ll i_i I Uo"i ril*j JlI "il

,_jA5Lij ^ L4JI ^^ill 4-r>jjj.)l (j^s oLI.lr.al.n'jl dJb ^Ui oJjL*.

Cwl^ <Jj SljLii-a jxjjj Jjill 4< i »J1 oljl n Vjt (ju> 4 mfirw (jLi 4jitj

i'IjcVmLuj 4 aj 4jLLa <j oliLJ 1 m O j£j jij i^£JI io 4^_LuXo i_J

e. & p

Jjj=^ji» L^jljji.^! 4-La.l -.1 »j« -^Hj oljl uVjl ftjjfc SjljjJLJj liLij Jj}|

(jl JjtaJu (jl <Lji «-J I ^ <Gli <<^^».l 4^a. ^yaj ... Lr*il^JI JoLuj"i!l

Cjjjj^I ptjl i">->.l 4 mA-v LcjLi. UsljI^j u > (jl (j*\ ji > LujjjaJj Uaik

SljLn^ jkjfi dj"i"i jJ oljljii^l ftOA ^lii (jLfl JJj (^o ji^/lj ^iJLusiillo

«.^5L!I to oLuj LaS> l-i > k^IIj 1 q ,>\a\\\ Luajl (Jj t Ufl fl

i

<Oljl )">-fc*jl (j-0 Jl>3^>> (_^^fcl *(jj^UL3»JI (j^jjJI pi «*" » > Ul I flLXAAXa jjjOJ

dAAiO (_yjJI

^"i -». 4jl a*C II 4_lS Laj (jrit » (jc - Sjf-Luuo jl tlrw^l tljj^l j-<iajj (jl

* * _ J

l^-jlfc (jjSjjj Lkjl>» (jUal j5 ^jlll »«oULii^J1 SjLAi[ (^1 (jl

I'lj'i'ij JljLaj tiiij ijjac- 4P_jjA1I icj-jj (j^i ja^I icjvxu J
5
"in (jl

tljjl (_jia.» CjLjjJ^iJI (j"il JojIyUI iiaj Lajj jl -SljLuil

ulll j OiaJ (jl (j^-ofj <La>jl »t-»«<n^l J£.l j5 Sj^aJi!! (j^i ,J\ ((LbjJj3



lioLo oljjQ ->">!! CjJ-ifcl 131 *j^uaJI <>o £ CjIjLiI J| ia.laJI jjj

jl j"i Vjl (jLfi 4_iic.j ta«dj-& (j^J^jill J-C jijJ <Lalc i^kjui illJ CjJ^jj

(j "i It 4_ijj " Jj aljl hi n ^.JjlJ U.^ Ill dlJ3 — i^yjL^jJI

d 'j-^" Lg_> O-i^j^l (_y-*JI <Ld^^JaJI 1 fl j ' LajI in n £ Cj Ij^j^Jl! I jj^Ji U^-*"

Jjj^i l^jj jjJtf (jjJ! ij^lll ^ 6 jjfc .illajJI jLj ijj^aJj

(jxujLjj (jmjlj <L*jaL>. <j-o Ci^ 1. 1 < I

.N^AY ilaj 4j [ail

Qy>.W'V<iirt JjlAJL BljLuiil ^.J£. CjIjI i~ -wl djlijj ml (_£>^-l

Pj, nil g^l.i .m oLiJjl (j-a ,/ULJ ^llfl o ^.l 1 "wnl 4-1j ") 1 1

f fl'n ni^'t jn iiVijj

n_jl U5~i m*jl 0 -> .oj^i ^1 oLli! j ^LslAJI a I
">

I jrtjjG o^-ojj i jLLl

l,nfl'>fi fll->. ,W^1j «i_ii Ui'i iii^il ,j-a I 0 l"i ~> n \JL\ ~>">l I nfl'tn J£ (_)"»° ij

jLLI j 1 ri 1 1 ^I.Vm oLkjl ^tojLS (j^ "JJ 4j ,_j^aLi. oLjjJjAil i-il

frl^a.1 6^piiC-) 4_ijlj \ • J£ <<LjLc y^C. ifljli ic^^ju ^l"flll (jjjjla

jJ^J Jl XLXAI 4_Lx*ul^J (S
1 ~

y * X N • iljlUI ^ya frj^- (j^jXo l»^JI jjO

^jlj Y ' 6jji Li-aj jjAluj J^jJ_ji!l Jjl
~ •

' (4->jl^tuC 4j-<i 5jLu)|

( <UuAj t_fiUu^JI J[ JjlClJ 4-.^ Ill >lo Jl jJ^JJ jlll SjjJI t>a J^IlJ

(jl 4_ijjijJI CiLa^LuaU L^jJa uil^J aj 4^jjJa ^1 ia^j "^j

(^LuUflJI (>o (^1 Jx. jJJJJ >i>l t>a- J] CiljjflVtl l (>o f->a- (>a Jiul»

.^^.All ,> £jj Jill, Jijil Ioa <^ Ijl ^1

?dli ^ixt IjU

UjIj inf Pj irill ^l.t.Ai ,3^5 J-^* U^-* ^ ij^- 'Ljjjij ialj 4jj^Jlll

I llj tiLuaila ^ °
'

J ^ .' i—iLjjj
{

jC\jLtu (J-a J^J _^JLjj L^il ^11 iLqLoj

^yi tSjusJi ~i iaJillll oLi^JjiLlI |JaJUi (jl ^.fli'tll Uj>-jJI ^jjLii.aJI

(JL JjLa-i (jl JaSlA-11 j-o JljLoj *ll». Splj'S II iijjlo Lg mfl) CjUUu^JI

YiV



p 9

(j a=J j^-flJ jJ ikaJJI tlLt
LJ
la. j£_lj <L4J^oj (jSL-al Ijl Jala SljLall

Jda II I JJb jl JlIaJ 4jlj *ilal=J.I j^X. iijl^o^l jLla.'j ijj^Ji ^aifl'i

4'i .11 J*^Lil jLcl Jji Q^i» 3^->"* ^jlii (j^LC-l jjij i^LJI 4_oi JlaJ

' "
' 13

.' '" -
<̂3J (Jj

jl lla. I jl (J jLa. (Jv <u i Jtakl *! at ' S^ujLxa * N *\ \ V

I

j »

j

5 ~ " (j^aj
L$

lll (JoAi^il <L^ljl &1& ^jljj jj .^Jl ijjiaj

PC. * P

J-C. j-il" nt'ijl ^i.^>j (jl j£-all j^a jL^ lajO^. Cjj_>^I (_pJI i_ijLa-jJI jl»

jl j^ojj ... 4jj-t=». La>j^lx-i jt£ 4 Ufl'i (j 4 t i lUII jc 4^aj j a n _/uJLj

4 \j » 1 1 ^aliil jj^l j^a a^fclj jSlI Jl inaVjl ^. jx. jl ^Ij jLolj

Vf-l^idl j LoUJI

„ , *

ilLuj JLujj[ J-t Sjjill 4_iil£_J <j J^>1 4ijLj (j\ dLiA jl IdA

olaaLdl JiU

i—ii mij <j\jua Cikbi l-i ijJ 4,1) mj ilJllft (j^i-J 4j*J i4ii^jlajj £> J^_i S.UflU

4 i inLui) 4 n in I j <4_lLqj It 4_ii » » ou ^jJI j^a-SlI J^JL ijz*S IjO^

I j-u> i I x i^j (joLii^ J a "" jl <ilj£_ojj 2 II II j^o cjLjjJjjpl

aLi-jl (J jJi I U"i (J^jjo jAiS^a j^a CjljjJji i ill j (j I fi (3 1 1^ » \ jc

a^l i_il Ufl~< ml jrj-iii 4jjjua 4 U i m \ 4 >'>fl~> J i
-» ~>"> Lajjj t^yj-fll ui^ II jja

«~ jjjljjl i—aLui^J I jt ' ' * ' . ^ t~-->^ ' tCiLjjJ^AJI ^jxiC-La-tti

p ^
"? ^Jlll ^>1JI JJj SjL^I j^o P^j ^1 jSJj <_>i.^l pL«_iJI l-iI Ufl'i ml j

fJ-»-iJI (j CjLoj-uisJJ 4jjA!l 4^^aJI j! ^lUfl'i.n^il <j J-uaSlI ^-iUI jl

. \ A • i 4-.a,n t "\ il^J.1 .Physical Review Letters
*



La J£j iLjjLli oLa^laua (^1 J^t~t
(_j

jJI im« II oLlLqjJI 4 -> ^^Jk

j oU^i*-a a^.^ <Cil !Jj^l oJkSluiAJJ 4x.jL.ll i^JLsil ^jj

l}u JjjiJl tj £Jj^OdO oLajl* llj i^jja. "il_> cliljj m» II tujjl

i^^jlSIjJI ^Jbul (j lajl d^^jj °i (3 u' ln^I^^xII 5 -"'til

CiLajIt II (ji^iNl •*>"! m'j 4 Ij (_^l -I^jj

LiGlj-> (j 4jjjij Lac jJLJJ 4 a l"i o Sjj jj^lilLt £_u=u I Qjlr. iL»LuJI

4 U * La (j ""l*^ ^aJI oLoj-uiaJI ,jl Liyukjj (SjJaiJLt 4j_c_ajJI

(j L«-o v_jjL^33 «>^lj ^.Uaj ^ya ^Ij^-I Lo 4 a ijU i J-k-ljj 1 g <^"»*\>

Uj^l; 4_i ^« mjj 4 mo ljj 6^ J£ ^Lfi 4-jL$jJI (jj 'C5>=*-' Cj'^ljJ

jjfi oLwo. f-a iliJiLa CajL^ LijjAj ^^Jk oLoj-ui^J Cj I » £y>

(^ill oj^-" ^ CS"^ jUij'JI itLaJ Ljla-j t(iS
uaLll j (>>jJI

^ij'i'i La j (3 "1^ ol o \ iu~w (jj^jj ^XuLa. J CjljjJI ^jl .4jjjij

pjji. Jj^l ^jfc (_^jjk.| ol aj ni-fc £_o <Ujj£JI jLlll Sj£ (J Jjjji jLEj (j

JJ^J-° >=*^ LS^ 3^^° 6-° 'Or* ^ ^ jl

pi fi \ lua II ,jl J^^il (j-oj iJAJ i a ijTK > i—i^a^ (Js?^ Sjjju 4jLujba J-C.

j-a (_Li.ljjjj ijjLaLa
Jjjjj

Lo O-Sj (j OjI^ u i^ I
(j

t o ^jj)^JL) (_yjJI

LaLaj J^a-lj ^UaJ (j-o e-j^a- 1 'jo^fc o^Ai '"?" LT^' CiLaxcaaJI

» "il 4j^a>j < 1 1 0 ^ya jjj_>jUa!lll ytJjJ^fiJI Jj-o

Jt£"\"i I \ ) If £j\ ^.^J Ji ifl IJj oLva.1 < «ii tJ Jaa JjjjjJij JjLa-jj

(J^aSJJ (J^LiuJI (J-oLxjJI JjIj <j^I J£j Jaxi^o H^ji J^i iLij^ <ulilj

.(5j>iuJI ^jJI Jla ^I^Ji j-oiij ji Lajj (^oJI adifca jJb . i. J^flJl)

^a^j Llo-i (j-'jJI 4jLuj^LaJI
<
a ^-ijLt^iiLlI J-C Ijj^. Ij*C > n Ci^aJI JljL^a

tJn'i't 1.1 4 K i"i I U o t I^jjL* tJj^Jlj S,\)..\^ II Sjj ii-^ll aifli JlLa

(\a£j "il is Lgj LlS j i n*i
1_y

jJI oLjjl^_o)ll (j-o jja«U ^^"H iiiLUIj

(j-o LujLuI (jjU ^"nfll-w (^j-o ^ILiLo jXiijsl (^1 ^ i t~i~t ml ^jjj^Jj ill* tJ^-o L3J



^ ^Lj^iJ! j i^kxJI jLiJ^I :dlillj pLj^iJJ ^LuJI j^Uili

icj^ju >il£. ^27x110 J=ti (j 4j£ju». (J-C JaiLaJ dlj a.JJ ^
my ^Ij

14 ajJaJl I) (jjJAj pLfll m'i'CI jj& I JjJ>j t 4j^.jL=». Sjjj <La_SJj <jl J[ iljLj

<L$JjlaNj jjjjl j!jll <Ua£ Jx. JkoIaj p
-..-^11 cjj^ajj 4 ijlUl 1 A-SjJI <Ua£ <jl

«4nj5*i >»i <i Jaj) ]->•>. (j ijjlj 4£julj dlj^Jjj 4jl «>_Sjju» (jl II >_a t5> <j^4i

<Lelj ijljj J-C 4 fl .n^jLiJI Jjj^l jjjj *!<Gt^u (_>uLij 4X.^oj 4 \ rn'ilbj

jlAjj ^jtjJI jj)i^>5 II (jjjLii jlc 4_JI (_^jJI jl i» U (jLi ^jjjfj aLo

Liil ^1 .(.iullJI ^j^iJI,) SjU <uk Jlk. ^dJI jil jLU)!l

^lji)l J Jll ixljill 5£jjJIj .SjjJlJI CiI>ail (Jiisla ^ ^1 f K~u

JjIj jl 4^qJjJI i .4 -villi ^ JjJjJI j Lil^j
Lf

jJI tilt Jlo cdj£ji Jj-Xaj jl

.(jj^JI (3 OjLLI £jjjj U mjlLo jib La M^jjijJui)) £*i!jib (JS tSjjJl jl f\jJx£

ol v i <i ,jl iJLlj a5j <oljjjll (J.A.XJ >_a >5> jl Ijll o^l v_sjju» "i!j

£jU (jj£ j 5>i^.!j 4A\,ny dLlfli (jl^ IjU >S,.l_lfl n <j£j (j| icjLi.

jl l^^. (juLi ^jlxj ij] ^ <gS! ^Ij jj-uai L$J jjj^j (jis

^jLfl (jj£ ij (jLLaj inrw C»«i^-lj3 Ijl jj^-lj <4j 4 > m'llL 1 1 L^LojLLo

I'n Ws ml jjj *>lljj^ (j Ljl^ jJ Lo£ ^yjljjl jj i^-iiJI (jiLftj La^J ^jj'C i in ,J^i

i ai^*>\ll ^jj'C > iu iLljj^ ^j-o SjLLI i
" aj (J->jj (jl 4 ij^ ... <Lfl_i_jJaj

jJLUI IoA JljLaj
(

(
?4flt i^i jl) (?4a i^i't jil 4 rnO'i ^IjJI jiji^all

<

_^Jfll_jJl

(_5j_>JI e-llfl (j^-lj i—mao 4j_uj iiLoj'Aj ji-o Jjl^ LcsS ^*jjJI I QjJaX:

^ iiiU Uli f>JJI li^J LiU^ Ink^ fJLJJ iULJI ijxSljJI

«4jca Jiljj t-^L JS j-a 4-loLujl J-t JfJ^J' jUJLi'ill j C*5j ^1 j Jilj3

Jj=>.jj La Ijj (jl « iUj m*> Sja-aj a^*) ij 4„«ij tua ((t—flj i'inp) jjJxa 8

pLalfcj (jjiJI pLgIxJ (JauJ IjiJ ^IjJI jjx«a£JI ^jjuajj c^^.\ Aaaiu-*. Jfc.

.j»^JI I'Sj'iKjn ij-ij£. (j iLuLul l^al Jj <Ui IjJjlaJLj 4_n.»'iH

tj j»l^a»L ^jisjJI ^Lalii JjLiijjj (jAai 1 SLuiaiLij elilj JlAjj Jib

^j| ,_)->, > Laj iJjj » uij 4jjJ5IjJI v a*^LL=fc.l ~i\ jib La »
(
_yaiLilJI» 43j^Lawa



JJUJJ < \ ^AV dj. ni I ft I ma tJj fl ILj S(_yj_JJJ Jx <_>*a3_>J ^jl
(jSaj (jjJI

*LJftl IsLuj^J N51,,.o li£b AdS3 *J ^1 .vj1^ 1 ^ £^ liVLj

4 \t\ <A" fi 4jU,» II oLal,.)%"t n^iS Ni.-fc J,^ CmAS Jj < Uflfl
(_y
jiSJI ml I JLc

Jjli Lo£ 5.1-»LaJI 4_!LaJI 4_>'>fl~) Jx i,_u ..ilj~» II ^ SJjAC JL^-I

.SjLi^JJ jjil.aai.uJI 4_jlj Jx jjJoIa 4 luAj jjj-oi^jlyUI Jjjlj

iLuojL^o Terry Clark d 4_iul_
>
jx3 lVU£_iuj-uj Jj>9

IjJjLsk — (Jll jl cjIjJ-II •sS'
"' * J-6- — 4.wftS.)l ol ft_>,riiix..n (^jIaJI (^uLiiil

'1 (Jjlc- 3^^' (juLkfiJI I ^ .t- Ijrtu^ s_j_>Lflj «4a-oS vIiLaj^cu^n «Uu

ftjLo 4 fl J-w ^ M " " JpLflJI (JiiojjJI 4 1 1^1 La. Jx (jlj'ifl") in'tla

4 Ufl'i Sxc
)
_^<al tfl'il L^jj <JLoxLLuj a,-~»*. Jlj^a. ^Infln LgJ i JjjlojjJI ifljli

jh a\~\'i mil jj-o j^jill cl^^-l 5j-^X J[ 4 Slat II in" JLij->. (

4

\

\

> n

JjLj^j Lftj^jjl ^ylJI «4flj^ in II 4_Lu3jJI» ftiikj I J * LaLa ij

iiU. Jjcsj ((j^uijj^a. iUoj j^Ja ^jjl Brian Josephson t"ijj>a.

i.ljl^k Ja^jUI 5iiU SjLLI

^g. i

u

laLli-ojj^ JLa-a j>l ,!•%"> hiLj kL^jLoJu In i oj ^ill fjC-jH i-J^xil

4iL>JI Jja. (JjJ^J^JI 4^»sjs ^,Lfl ^51^Jl jj tjjjljjl CjljJ_>j Oit ^rt-ilo

CjI J JJ^i ni"v —fll ia aI laJj Ij iSJ^iw 4 t oS> 4 n > m-v .
ar 1

(JjJLSJ^II i=».jl ^ II Jj->"ill Cjtjrytl jlaLuu <jl ^jiJI
j«

jl->*t uu <^jjljJI



L^il ^JfkAjj <Sj^>iui 0*^j~>*il Syvilxo ot-iul^ 4_>jrvlH ^ J a"ij

jSZa! J^aJJI ^jJJj^ i^j^ ot* ^'j Cx5J&£ J^*J

cUuij CiSaJI (J J^auJl wijliJI ojj^jJl IjJfc 1-a.wiuj liilsdl J£ J^a.

j^ill k^uLaJlj 4*5ljl Jj ~>
"i I L>

p.
jib ^6J 4jLUJl ^_ya Aa.

I
j k_*jLa. JjSsLiu "ilj

tPjiuo.ll icj-uaj »jJj ~>.">1 ^^jJI i6jLii^|t (_yjJ
g
vA*<aj Loolc t^ifli 4_i > It

La iLjj4=>JJ M(4^3ij»waJi» ^yiL Jx- jJJjj SiiaJI Jjja. JSjjJ ijlSJi OJBaJI

"ti l <j-a (jiijU — 4~a~frxa Q m J LyuaLj L|j| ^-o — o"i|jLaja Jx. jl m-v^I

rn> J!L» i 'J I »m cJtj Loj JLajjJuto * kuai jJaJLlI CjIJ SjjiLI «<UuxuaJI»

.£jUJ] ^a 4JL2!Luu JjL^- I th-> Ij I >.K ljufc <_jjL=»^Lij ti^jAa \aj£L

l^ili ijit'w (JllJI ^yflJalll jj^aJUUL 4jsLijj i-i*^-"^ -lij

4 o_i,S'*> tiia iiljJsxail J£-ui Lo_ij <j^l «4jjj£Lo 6jJ» ^xa j (jji/iLi

t> JL-a3l J\ AjLi (jjl\ cjLJI (| jj bLi

6jLi)ll j>. iaJliU ii-oUi 5JLaJt J jrtJ»UJ ilLJI ^LS ^

^

.jriUa

6-

ray



(iijli; ^Lill ^j-o 3 Ijr^Lua oj^jj er^' o"0^ <i >=>-^b >=3

£>j^ \*\ II CiLflLuiil j-lC ^jiil ^ HI J-ui>ljlJli <ioU> il^j jj ,3^J

1_ ^^-> 4-i.>l
<
\ ol iiij-uj 4-JLaL^. <_ijL^j ^jjja ^£ Sj-LL) ^ "'

Ijl 5JL=>. ^ ^JLj ^1 £_o LUa-a I ^pJt CjLjjiil J£ L$j 4_ijj^£JI

dJj jli (hardware) jISjJI 3 _£Ijj Jl aj^l^s Lcolta <Gl ^^uJ

4-iLi"if plj^iLoj ni L^jl^ j Jjj 4.L&jll ^jjj^xajl ^jill oLiojjrt£JI J« ~"

lilLiA (jl jjjj (Jj loot 4_>K fl'JJ^ m fl 't >_)jLaoJI ^i-jjjjj

I im 4 i < *^JI 3 cdljLo <_£_>-^l olj^ico

^.LflJLij^ j\ mil J^jL° (j^J <4j£.nubKll CjIjI^j-i^I ^-o Jjo^I CjIjj) k?>H

jL^jj ^^jJI ii^iAJI ixo^JI (JI^aJI b'±tb J£J '"' ^ Ijlai «Ijj^-S ^-fil^ j^C

^Sl^J *_SL>$j ^C>J^ "'**" j^Uaj ^j"l Lfl ' j\gfl"> Lc J-i£. 4a^-^ll LgJIjJ

^q'^jj <4jI(]'>II (j (^=o 4 tuLiaj ^jJI £-£lj-ll o-o ^!i£l Jsl *j J=Jjio
ft t _ _

SJjJjJI oLuiJsl^JI (jl j^Jk 4_iL=J JjAsIj <
?
l
ju\ lLII ixLa£. jiJlj La J "if iJoLajj

3 (j^J,3 < 4 1 1 1 0 \ CtS^Jl 3 4"t >oj 4_jja- jjjl^Jl 3 ^-^^J^T-" 4_Li£ (jlj fl~\^."> *i!

ft e

Bj^^^o 4 il o » II 4jLu-a-uajj ^ya-L^jjj^ ^ .-a" ^jl (j* a I" " jJ^I jl i^/J-Lc

.SjJjlIII (JljJtJI ^ - a" .^LojSI jJ^Sll 4jj«il^JI 4jjj j iiK

i^j Ijj^-taSJ I (JUa-S ijl ij^la-l! (j-*>5 * olj-o j^it » '"Ij"*- U 4_ijLulJI jjI^jJI "7 * (3-?^ ^£-^uiJ uiAAJJ

^fcxjj ^_jjJ' O
)
jj^-taSJ Lfl — gttjjj V (jii_5 i<_ij_>5JI (Jjiu-uJJ .-.1 ^\.^-s."i ...I |_^J (^j^jj .^11

J^jjLi^-





jL^j}!! ^J-»J jfl \r\r\ ,£^1 J.nall lift j JJkjLuj tf^f^

tli «mlj .^jj-o j I Ij:^ j« *i0 fi 4jI Jj^I (_jill pSJI K j-uuiAj ,_j^ii^clj

(j yifL&jJL ixig'il (jj)t>,<Su> tjjjJI yj-uLj3^^' pjajuci <4 i ilrjl 4jJj

"ill <4_La.jil JljjJI jl-k^jl (j^LgJJjS in a'i s tl JJLxu jJ-oSlI 6 j-fls JiLa

^ Mifl"< I q l-fcljj **« L^jL jj
""**'

j (plJ^-a^Lj S^jja. L^J <a15SII (jl

^1 mj£l £yc {jMiStW JA-OlCGJI I j-4> ClxLo (_jjJI 4 a. Jjll ^£X- 4-Ojidlj i(j^.Lgjj^£

4->j-% ~> f\ \q\
<
\\ <LlLLxJ iijlj^o i^ojjl j^x. Llxitj i_tj| ->. » — ^t^j^ jjc

Scroll ^Ijj t>

(Hugh Everett) o j Sjjj^lil {JI^aJI ^ .nfl'> S_£i olii

fjjjjrijtJI ^^ill .-.I u unaa (3 yjj" 4jl-qL^_i LaJjJI oLuljjJI iwJUa

nifl't 4j^il JljJ L^j jLgjj (_jjJI 4aj^j(JI iLijI^JI Jjj. Ij^ ^>")o

(JjQ JjJjkJI £-0 (JjI JjJI (_)LflLj jlj iSjj&Lill jAc 4-ij^t iii 4iijJaa J^a-LgJiJ^

JjJjJI 4^1uiuo jjiajJ ^a ut (_£.ill jJjJ Ci5^ pfl jj.' (j-^>J
(_>^>l ni'Jl

SjjjJI (jl ^ ' llij Jlj .ii i iLjjJI AjjjJI 60Jk ij^JJ .6IjjjSoU ilLuj^



3

Jl ojl I

(]
I "j"

(

__jaJI <2^LlllL) tilj^-a-lj ^vj tLalaLa ~- <3 ^
»j >. ~ 1

1

J-^j ^rJ-a- oUsiljJ! J^ljjjj .ijjLmla ilo-^o J£ ik. JjljJI

,JL*JI J£ jyC ytx-yYy ... jLp.^1 J J LUj .^^11 ijSLjjJI goLUI

.iU-ljlLI <^all Jljj (>s SJLa. Jl J££ jJLxJI (_Ua-> ^glz- iLxu^JI 604^

4 > m^t r 4 > i > i i,i J^Ls* Jaaj ^La> . .alj^^ — I
'. mfl'.l — ^C_aJI _>J-jj

1 0 Ij .4l.r»*U 4>ia ^ ^jj^t II 4*1 wnj ji&W jl > fl'^l Lyia- *lj>N

JiAil ^^jjlj .l^JLlljj JjLaj (JILo l_/^-o I La La> (j fi

^IaaI mft jjlj o^lj j&^j 4jI (^1 tijlj^l

^1 jJLaJJ dJL&ALujO ml ULoj 4-JLiLo jrtX. iLaiifl its^iil ijlj^jl

(_£^j-lu!I JAC 4_uiLii ^ a bL>.ljj j^~'-l Jikljjj ^lll ihj-JI oLsjlsIjJI

jic cs-^b •(i5^^' u^°^b) pLiiaidl)) ^0 L^j iuaLaJI

ale CjLuLS pI

ui^yJlil^JI)) Lille (j ol^i La-a ^ (_^jJI «JjljjJI ajjJ)

ijAjjj Lg_iA*-i djjj ill CjLaJUsIjJI Jaj_jj j^yjJI 'Ijj II 6JaLui1I ^Ufl"ij



ljjjxiJ)) <Gl jj) ki'i
t
J A a LLa a 4j^*C «i>Li.|)) J,\ JjL*3_aJ 4j£J niO) SjJbLuJJ

'

- *
'" * (jl

' * ^ j-G

5jU-^*\ Cjj-CLi| (J^J-a Lejj£. I_^u£ {J^-tuI g um j5 j-a"i!l <j£J ijj^JI

II 4oj5^ I I <j£. Ui^j (j| U....1 JUa J! ^iilJI ait ^La^J

Jib

I^ISjI. SjajOII (JI^lJI

i suj-iiij tj^Ji

.^jGUl

4 ntfij.ll jjajjjj-i 4->j^Jj JjJ Jib (jl ^-11 K i'iK tn 3JjL»-a Liljj

illJ

(j' ifl'> > < Cjfl -> _AC- ^Sl>ll CajJIjJI (j| J^aiLj ii_alLi-a jjiV>^ <ja

i_UZ!L)j tj^a J*i n~\ II (_Uklj j ^ ' I a .'*«* £jsl_a£ jj I

>

'" JaiLs Luilj^.1 (j^J

J^aijj tL^L&Laj |J^>lij 4_J^ Cj"i!jL«-a OJjij| j^.iiijj

(jlj^-jj * " Q *J idJLua <Uaij d_i^. <Uai dlll^-S l<L*ilj 4iiis. Uo II

i'K 0"m jjALuaJI JifcL 4 » .nil SjjJI (2jI j-aSlI (jjjjJj (> fllLk ^> li

U=^a

Sj^uaJI i£j <4 Ufl II Cj^qjj SjjJI llSJuj (joj^a-^-JI ^Ajfcl 4jl I^C i<jvj^II

4')^ I

1o>
.aIc JIj-^^ Ijjii jJjjj '^f^- ikill ^ a fij SjjJI i^s a"n "il c£>=*-SH

il l Mil l (Jj-Hj "i! 4
j
i^Lj Cj^jLjuj J-C. ^yj \ nj i^-ait JLp* (_^l

(
3*a£''

. Liij-=». A^JI l*s I ll's ii-lj (jl i£ ^flJaJua ^Lij L^Jj 4*S ml o"i



(_ralAJI JLpJI jju Lo

e>j\ oil I
(j

ii JjLiSj (^jjJIj » ^ ^ 0V 4j mi o ^ylll o^ii-j} JLacI <LvclaI jl

_ «. ft .

j^iJI ^ a ) ' la I * * ill ^aaJ (j^ -f^JI iijJaj JfJ^oJ La J ~> "i in e nJJu.ll

H — ft ft

d i •» fl l^aJJ (3 ^4JLJ^*J^ . "il \ i

«

-n.
"

II 6 J ft. t—
>

"> jjl (j^J i_>-ol IjA

-'ft w
£-£ljJI ij O^^i-il Jji-J j .ji-l j-o! Id^i Lfl-wiG <5,*aU>3 <tiol^

".ft ,e
.

»

fl" 6j lSLjj''i (J i <->
j" 4j| Jj-u jj La 'J^ "H I .> j « Jjii-t < aa J^al

pJa-JCaj I ^JljjkJIj 4 flf.l .^i U ol i* flljjl ^jC C)La.ljrLil (_jl LaLaj

jJa — N^oV 4"i mi jlo jJiljJI J Sjrj_iS 5-iLj oJj ^^pJi — pI'm^-n^H

& s & ft &

4 ni'i Jjl jj! CU al ^jl OJuJaj-tuI jjjj .
(

^o1sl)I JLiiJI CjI -» fl r^i J-C Cjj-Q I-i

JUk 4Uinl^J N'WA ilio jUn j Jiiilmo J bjja JjSl O^^ij tlUj

*.The Legion of Time « jLa^Ji 42ji* j uj""\iljj

iiiLxoS!) IjLqjSII ^UJj l 4j£_j>a>!l iiLs^l j \S'7 11 jLua^l J**

La i_)i=LJ ililj-aULo 1 S ir> > k-'iC II (jAxjj < I ftj J^/ila jl 4jujji {J

JjLujj .LilLc ^jC JjJj ^JLc J 1 i_a i*s 1 A u ic 4_i_L - Laj .-^o II

"ill 4 T> nilj 4jJt5lj Jl Lo^jI J-^J ^1 ^>J»lx. 4 >li^.l ^jj uiAjJjj 4_i^a5

(2>J-LLxJI ^jjli jjrt-Oj 1 Lu -> ((^jualil (j (j-oj CA-*-0 j .lie

ifjJ^sJI ^jl LaS 4tL^UI ojjt> ^1 -/^ (((^y^'jJO ji'" LiAjI dlLxAj)

^^yuiu j Cifl ioj La^ 4j>.^il 5JL jL^-il 6j*\flll JJjJJ .(Jj^JI Jlo
(_J
iL>-

lj SjjJjJI jlii*i)l j-o (j^iiio.vLj d^JI ^ "^~"'J 44_ilc i_fljl » jll ^^.L^jjjS

I jLa ^^al -t io*jl Jja.1 4ji ^j^Li (_jjJI ^Kflll (3-0 (jjj&Ji-l\ U>2-" pi >'< 1"^

YoA



4 U_\ in ill "G1jjqu> jju jjj <4j_>L!i y^x. c-Lijii jL! j»JL»J! jajU-^

.4-ljjJI d . \ . t-v~.Nl II . . 4 I fTl 1

1

ciij^JI Q ' **»• 4 * a ' u i It .
~

. I aljll ^JLc ...... I.j ^JLcj

t4jly^ J! ^ilj j-o JLfl~u"i!l
t
2)jji_ilaILujLi *il JUaj^ll ^Is*. igLi^jjl^Ij

.1 inlc. *jl i% Ci in ilj ^ ri Ir ^ilj ^JLaJI OjjLi^ 4-s ih'i J^SJ

To<\



Lojlc 4-ij-^">1I <LiiLi J^. jfl taj (_^jJI JiJjlll ,j
'"*'< '^Ui> f*-lt

j-aj (jj (A) ,_t5")ll JtlLi. 5^j...^ll jju CAfJj'-ij LA^li

J^iLi. jjij Sj^klj 4,nj <n-^
. ,JI jkj'i Loaltj '(^) ' S*i 1 J^iLi.

I^AaSaJI ^_yi JC\ '~*T\ Jjl 4 .fi wn-v II *_Sj£ j .J^Ltjj dLlik I

d_Aj_LLL2JJ tl o*^ II (_gj7) rut I J^. jLilLa^Lfl d Q 1 I
»j - j I " " ^ 4 m <n-t 11

aaUil dliA ^ J£ .(B) ^ilJI ^1 J (A) ^SUI

. E

1

1 4_uj Luj (J^-t



CiS^JI Jl>b oi^i (^ill II l=jI J-=»^l J-ic j Sj^oJI ajjfc i_>^il

(_>^jLsl1j *il 4 in^ II AjJLfil^i! 4jljj .'I ml n~\ n , t^i — O ubuo

.ajJkLiiil jl <jj-^~JI (J-o iJaJj (_jl £j0

4jI KioLj jXC^jJLi — 11 K <»K it \ 1 k II Oj-fl->l yV-oiiG \ j»J

Sj^IaJI ii^*!! ^rU.,., J^. ^Ll^k^l ^1 — iiLtJI ^ ^1
el_ij_tflJI j^k.^o)) ^ 4jl ^ jl (j-a 4 A. mi Jj_^Ji jjjj < N \ 0 V 4jjjj Lojjfi.

JLa£.l <LaaI Jl fcLij^l Ofllj jij>J _H>-^ C^j 4_uL^jj *«iijj^JI

yviit (> _>i£l aaj ^Jjj^ Sjl^U ^ (Bryce DeWitt) c^j <£j>

qIj i hi

^
"ij I oS^JI Ijji Sj^aJI '-qj »"

Ijli ^laI^ ...m in ijJlld> <jjjjJ

j

4-La-c (J 4-1 1 j * ,i Ojiul ^vu i6Jfl » 11 ...^1 ijll jji. Ijjjuj .^^uiaJI

^.^iltl *L>)|K ^1 <dJl> U Sj^. ^ <GSl ,11*1^ J ^j^j

JjLLUI iiuaiill ^allsJI J£ t 4jilj pIIL hfll^i ^

^jL-jlIIj i^^^'ill ^aLlaJI ^° JLa I ^Li CjIj^£1 ^.Jjlj ia.jll iljLjiJ.

J 6^; ^ ^Liil J^ ^Jl ^oSlI ,>Sll J jr^LJ jUI

J^.11 JiUj J< ! 1 1 IJi$j Ja^j .J^.i.^l 4ULlju jJc Jji IjjI ^j^j

i-i->J< «JJj ids. Ij| L>lW> ,7jl J^a. jl.io j JJOJ <jl u^-oj "i! (_>isjSll

jjL I I
(]

mfl'i 4jj lVi 1 1 (jl njGJLaJI l~<K ^» :Cj^fl-i| Jji->j .4-i j •« ^1

((.^^ ^jjl, Lo J^. 4flj5^> II j ^j)^*! in Lj.



tdai ~jG Civ ill

jjll m,ut JJU IjLa

JjtA-j (jl Ij^La. dj^*" J-5_3 tSj^vaJf Jjs (_jiLajj wil^jjjj jjiaJUj

jijftl fill «4jjluuJI 4JLa»» Cika ml >, 5b£ c*iL^j Qoj <jl i.t* irrill ^

4 l i<\ ai l aljirtiLaJ) Jjjl* in'iil Lo-U£- *JU»_LI iijJij Jxa

<udajl J£ jjl Jut i^jj j^aJI <UL*J! iLwlll l_Lu> Initio (P-L^^iiJi

^ ft

idlia (_>ujJ <o_>i-»| jtj^L) \,Hn >» J La JjL 4JLL0 jJjj jjjj

<GjlfLa fjjs j^a-L^Li^ j«»4uiu ^'->^l ^j'"a-J3 h "'J*J I^J*- L*^^*i "-O^i

j^jIj ^Jl J (JIjaII Sjjoas tpUjjiiJI (i cJLtiij

^SLJl ^ >jc" jlc (3^^ <3*"^ ijjj (j-o l^._>.Vc llLua-a. ^jjJI I j fnfl*> ^IJjjjJLi

.L"v£ 3.^-1^. .Op. Clt.
;



£\>jJI <j* CjI^LlL-J j jl J,j_L=JI J-iJI <4>*J (j* 4j^Jhl_taJI

liiLiljiLI Jjll ^ » J.i lol l jj-oj t^yij^-tutfljll (^£J <J_>aJI (jl ij^JCi^Ji j-o

,_^u^Jj <EPR 4 I'ifti jjl ^_ijl II iJ"jJ 4 i m'llL i(J£ (J-^-J
fl^JLLlj

jLpJ»^l j,Li ,Jj SljLuui ^oaJ 4fll".^tl oljlji^l

cjLj^S-o j^a ^"il Ujl m~».L (j*aJ iCj_^ojI iofl*> ijj iIj^j^ j^I "^j

SjJAj 4 iii~> I ijjjill 4^j^»JI (jj^-a t£$3 ,jiufl j <jJj-i-LI 3£j^Jl

UjLli>.L (_j^».SlL> (j£-l »4jh<i\*» ilLa. 4-ij ~> rii iflj^^laj ikLjJ <jjSUI jJX

j>^_i utij
<

'< 4jAil^J1 £jji ^1 ^llV> LliLi (jnjo'vl iJjjLLI 4^j^JI jj£l

4fljMfs.ll 4j^ii) 4^_^JI j,j£l JjUJI e-LAiJI j^c £_>iJI I^A jj .4ai

j j_^J (_£jJI jLjIi^l 4j| tlj mijS'i ^jjjl h*±utA .11 Ujlj 4.j.La£> l£>»^l

4_loj^ jj-1 ^jJaSj a-ILc jsJi (j-oj <LjjjLaJi (juja'i 4_uj£JI ^JIjjJI

J£i <^L*i ui±&J 4j^aJjJI <jja i^3llJI O^Ula."}!! J£ jl viiA^J »c5>a.l

Lo jl ^ n ftjJLl j_a (j*uli <4_i 4 ual a ^^AiljJ.1 j^o 4*J.^aj^a 6 J ft I mi » n

.4j>?JLU 4 o 1"> -s 1 1 gjliUl ^ iAALAj

pLjjiJi j-oi=»-o J aaf j>c ^ o fkSJl K i*tKjl Sjoxill ^JIjaJI ^»ic*> Jii

J Jl

j (Neill Graham) ^Ul^a. <<ts£l=, A .4 mill ^all
& « ... p

^^Ju La^j tO_>fljl JLotl jljjuolj jt-" jjc al^j"i*S,All 4jJLluj J.* I jl

j*ill ^ytl J ^1j ij^jJijj^u iiai (jiiilji <j 4^>lj-s"> ml ,i'ic. ^t^^ I 4J

iir*. Ct*uJ iULo Sjjuoj ika. ikflJI Culi Ijl Uj jljklil jJlJJI J^s>. ^lflll

J-C ^j"^ > jj uaJI jjl llLLt (J f
I *

*
L l^iLi dUj jyo "iljJj 44jjuQ Ci m.il^



dJ^Cj Jjjil inn *la»_aj j^LaJ.1 ^JLxJI i3 cJLjjfcj t<G « a j\ 4_u>. LaJ tUaJ

Ijl^a <4_u>. jl <G « a La| 4_LlS ' LiSj **» naJ LaLoj JcljI La o ^j^g jj ifl

J£» jVtva. «£jiSll t>s Ja>Xo J^iC J| jkjlj jIU.miI)> ilLa- (J jj£-ll 6^

.«4 nifl'il £_lu1I1 ^ JjLk j^ac <J| (j^j^l J-c- J Liilc IjIU.m'iI liwi^j

jlj fl 1 1 lift 4
(j

"»-^a-a SiC- L$j jjO ^jjJI <LaAx£xJI Cjjj (_£J jl »"i ml

Jl ^jlj jLUAil SJLa. (j LajijxIL 5-ol3 CjmijI 4-n mj v
' N • jUa.njl Sj£-fl»

w s
& ft

CjjJL»L> 4 ifiLaJ) £>Ij^jj^_lII ilLiuj^j i4_Lo-*_> Ijjl"La jl^ 4 'i^ l^g .«^ji.l ^ ni'i

(_£^A-a ,J| 6jl laC-I (j OSJ <6jjfcU=JI j>C ^LfcljjaJ 6J-kaJill ituljjJIj

j^> '

j

a — K a ^JLc (3j .CjjiaJI (3 j-ajuxu jl jUa-uo*^LI j'N ^ <

4_ujj|^lj Jjla. L_Luaj <LLsJI iixmlJI Cul^ I jl 4jL jLtUf.'^J 6AiaJI <_iUui'^II

jus Jaii Jj J-a-a J^iC dLufc jj^J o' ^ ^ 4jLcj — *JjA^_a jj^JLfl jjl

jK o 4j jj>*\ i oi jjjLflJI ^LiAiJI jLi ^ Ul >j >p*s II Sj^a-i «^jji»

Ijik J-fc Cjjj jl^l OSj .SjLuJI ^ Jjjll d\Ua >1 t_sl^

ft

iaLajl Cilj ixajal^JI ((jLxJI J^c ia.jLaJI jJIjaJI)) (_^oll (^^^Jl .
.<^J II

ft ^ ft

. ft , ft ft

*(S" t^' ^1 J^^^ 4 <nCU ^(^iJI (_>ujJ tilJj jLi i^LiJI *\ <«*~»a1l ij La

j|j 4 I .-v "... p.Lvai| jj . '1 j| jS-AJj ' jl j^xOJ «4 I
'-^ " » j^xOJ

LliLxJ JjLajo jikl ^JU. ijj .Lik«-lj!Li.1 ^lialxuj ^
CJ

j»il
s
aJI jJIaJI

^jU" m*i jj L^jli (La 4i>jJaj 4^1&l (LjjjjLviJ 4^jLuiil^ jjjLvaJJ i^jjl^

•i3^"-Q 'J'^" fkUaj£ ^)j^Jl J^ ^jLLiIuljl ,^1^ (Jxa^l (Jj jJ fl ^» o 4^oiajl ioL«JI d lil '
a

*

J^=«- jlio^JI jjjj i^l 4jjjLi_LI i^-oj ^jla. iijlo (^jla^ i^l
I "I- - UlU. L4J Jj^jSj LJ

lJI iflj_>lijlj

t^u^l (j Lg-o jjil SjLo -
j j^Jt Ij^j tj^ujl Ji!* J^*- ^jLio^JI ^jj JiLo t4 .mil

^ '-^ 4_lujLuj^I ^Aajl ^ - ' ft ^ SjaLuia tjllfii ." ] "ULaJI aJA (Jj <«jl£jL> ^liLa» jl «jl^JL



<LjjLJI jjiaJL O^U)!l Ijsjj-Twin <jJ lO^Li l^ajl^ la^-o JUajSllj ^lydaJI

3I 3^ j»x.jJL> ^gl^* tiLjjJI oL^xil^JI SjLjJ (^jLojJI ij ^jj 5 1*1 II JtbLi. (jjo

l_r
$jl Ijijij (Jjlo^l ola> J!Lo oLajLaj J^a. (jjj's a > ^.oJ* II JLiiJI ^jLj^

^U^U S^nlo pUl^j _AfJJ U-b^" ls^' ui

LJ
I^. ^ji-ail (j-o (jl^ ^^jJI <LoLa3 <J-u 111 Lgjl "ill iliL*.

5jL^lll ualJ (JjAs^JI L^jl j»x.Jj i^aj ••• lfll>5"t 3I ^l"i<»*iji*j

jjj 4 miO'i ^Lj 3I jSoj 3I ilsJLill 6i4 i_flLaj^l 3j£j LojjJ

j t
>JjLuJI Jx. kjLa.! i^ua. <4j^ JaaJI J^=». 4^j^-tu 3>c ISjOj*. jyc

jajl^jjjl ijjJaj *^LjLi < '

"

1 1 J*^-»jO Aj^Lq & >5f. ^jjl ^-oj^J.1

j tVi

I

I 4 ^ ^atj 3c La£._>-o . . I 3' ^
(_?

jjl i_fljrlc.lj :SjjjGJ.I

J-o_aJi L$jl ^"iJ — ^j'-^' j J"-*""
LoJlLo LoLai — iiL^lll j toAJk

_«^ <J) I^Ui) <ji fc ^3 (( I * 5 >j Lfl
1

" * 11 Jyi yui^JI

t mfl'JI dljj ^kl j2l ~
1 a " 3-0 Lai m-JI La ujj ^1 ^jLusxa^ll ^yjLui^ll

JljU 4^Ls :lfiii=w ±±> jJ >-Vov ii^ 4jli U 3I
Lf
i*j dJj ^Mj

^O

.aJJjGil ^JI^jjlJI 4_>jJaj j^jjuLjJI 3-0 JjJaJI J ' 3' 1 i*-toJI 3^ 3"^ ' °

3-o IjIj La-ual (Jil -jll^tl LiL>jjiLLiJ.I Jas. 3' <Jj
*k ' Lu^a Ljlj

j^LaJi) ljl_»_il '
I taj ' jl .4ja^JI j_x> j

-** *'

'J?^T" 3 7^^ 0 *"

J-*J jjj .3j^-il ij pi n \ m-\ II J.iC 3-0 CjI_>-o dj"^J jj^l LkJ.iC «c-l .Xa II

Ci nifljJ L^jl Jj^aJ. ifi^JLo Ci-s \ i^al ^jjl ~ »^l all 3^0 4_il^£ jj^l ^aj^LLLI

^_£l1^5^5 (_^jLi*6 jj^^j _ 1 luLljJI ^j-^- '



^ fjJAa. Ij^Jaj-a ^oSj SjjjuII jjlj iblit Jx. *_jLg-ujlj

.1jLa. LqLoIaI ^3">"» "'"> oJljLaj '(J "(}"> u' (J^ 1 1 4_>jJilll

4 oic Cuds.
{Jjl\\ jjt 4jlJL 5jl a uu ajjjl J^SJI tUic .-J^'ii

LaOic CuOa- ^yjJI Cj^Lc-I fl'Jl ^jjojjJjj <_£j£-M jLaJj^l <3 (j>^-JI J*1aa

LaJaC llljJkjual Cj^UlJI ,Ji! jl
T!> ~\ • ^^Jl ^ac

(j^>_uj (J^> * n (j uiji j Lo Jxa <5*j.gr. oSI (3 CjI fiwii~> !l L^j J^ldH

iaJjUJI *LjjiJI c?yl>5 ciLl --^ II dl£J Laijj .Jlua. j (CERN)

^ nuoj ^.5 lava JC mi juiiu ^ji ^jjaiLuu (j-oj^l (J-t lift 4 Wm) .ii Jl LljjUkJi

J£ l$a j-ajxi jij *<£l*Ju}!lj SjLLI qjjj (^SJI j SjLcJ.1 SjLLIj SjLLI

yUl

(

n Q a") ^,1 cJjLa. Ij[ JLxJI >aJu j-ol £-Lai]L> 4j[ ^liiSlI 6 4,L>5,r>. 4_xi*3

<4oiljJI
Ts ~N • j^La Laij j^Sjm />-6 ijl^J^II 6JA j ^^jJI CjLu^xaIJI

La,,\>C (j^JI 4 >U ._,r.j"i ,n j > flj^ LljUk. LiS^j Ijl 4iL»5*v ^yjj-j IjLaj

Jl iS'tm'j jSr Ij-v'a .1 4
,
j i .^ ^| j-oljJI j lj,w . 4 . , .UI1 ifl^LaJI

Y"\"\



CjI-i «5ljU <UjLJjJaJ! 3jj i 1 li iLaL&j LvujLvo (_>u-d <L±£J i^&lxJI JLjjJI (j-o

Ifl ipt i ijilsaJj 4j "'_''>j jLtu j2>* Cifcjiu 4_JjLij ^JJ-S ^JJ. La 4 K.J.iH

5ja»tl \j w II ,>K ,,,11 UjU-L Jio JjjLaJI .A o II jax. i_L»La-j

i Ajjl^lll JajjU-^ \\ tsStLa 4j tic_^uJI Jjjli JjjjJa d^KS 'j^-O^ 4 Uia'i alt

j^t i_tW Ltloi dj^JIi ^JIj-»Jl J£ jj\ ^g-ni* II JLviJI (_jLS£ jjoaLj

Jj£l 1'l'l.H (JjLfJI pxym (Lj-lLc L»J_>Ai JjLcj ^sJIjaJI aOA *_j_>3lj (^LajJI

ji — _j&Sj SjjjuJ.1 ^JIjaJI ijjuil^ ^jji uts,l (_^jJl — J^JI

* - . * - 6
IS

iajU Ljljj ^jjuQj i^Lajil a=>.ljj i^ifl II 5j
v
JLi 'jLxjI <ju^L> LuisLj

Liljj « ' _>J^I jLxjl ' ° I ij pi i ^LtjJIj I
(j
nil i

p c f

LULt

((4 I )\L=>. ^ji^j)) it^>iJLoj OJ^oLxIa ^-ll^t (4jla <LojLs LtljJ ^ > t^l") I Q 'i's I

j^l Jj^j vJJ j ^.Sjj-uaJI sIa Jj^Vi J\ o» <r>jj .^LcJl tLAiJI J*bLi.

ii^JLa SU>,.., aJjLiAi ^ II ISLulfLJ ^^^il j* n"H 1 lit >, ^ iciJj JUUtl j-a^l^j '^A^' £La-J j-*J 4_t**>U-o

Y1V



.JjJj £-2lj ijl i^jla-i iti'il^jl J.j^t"i tti\ I jl_L (_£_>j
^^La. iJjfl in jJ^I

dJjj JjU — 4 jj'tLa. ^^laJ — liLLaJ 4 i mjJL 4-ajLS ijjlj^j pli^fl'il Ijl

j*Jl^j«J) iijisij (jxiLujI J-cj 4a iS-vj tiiL LusLs. Ij-i j-t. lilt .is

iii^kJIj
'lj-^

jLsIiwL (j^iJI 4^.1 Lojjc 6^ La I j-a ^jU SjjaILI

^1 iLoJI oL^I

.oojSlI jLuSlI UiUJ 4 1...ML i^li Lljj ^-..oj ^AJI Jj^JI £>JI

^i_udl l(}_\lfc ^lln^tl 4 ft's II ^1 'M dJj oJ^-1 Lojjj

ilUJI dill ^^ASLs jj-o 4j LL >Jh^"unfl jjli jjl ^ ^LajJI ^Sjfl^ II

4-p.Li .JjJIj jJjj ^1 Ja5 d±*- JliSj (jLajJI j C^*
--^ i_r^'

«CiS^JI)) J^-la <Llj * mi jAjj ^j-o^JI (gj'unH Jx ol oj m^> II jjli c?j^'

o'ijlxa J a5 (Frank Tipler) jLf dilji <jl La£ .^La^JI ^ ja,n1l

(j-a Lc^j d^j Jjl ^j^-o.1 1 jjjOJ 4(jLa^Jl j" "'H ^uuuJ <LoL*JI d " *>!

I

JLaj <L>ASLijJL ^<wm ^ (jLa^JI (J flla II ,J| jl ^LaSU Jt.^ll ^i_uJ|

a5j .4Jj^aJI JjIj^!I 4_ulsIj J-c xalau (jjLojJI j^c ^ixJI ^ JSLAI1 IJLa.

ala. jjaLJI JLp. I' J^uo j (David Gerrold) jjjj^a. JjAjJ j^JLi-l

Jx. JfJj^ Spl
>
_)iLll (Jaoojjj

lj| — 4jl 5JLJ.Ij d\jQ -.-j CjIJliAaj ^ Sjjjull jJI>»JI J^lj (3 La

llalilo) liLU JiijJ (jLaJ^ 1 j flj^J OJCJ — ^J'.^mi JllLI

jJI_«JI ^-o 4-ajli iijI^J "i-jOJ lite ,3!-^" jl J^i.JJ (d^laj ifl^j Jx.

I'lmfl't tlijl j^yia. J^ajl (^Sj «JjAzJI» Jjl^JI Ilk (jj tO^ii oljJ (^AJI

«J i/->^l» j-Sl^JI ij JjLftJL o^Jj o5 djSl jjAjBLxi dLlA L>iuJ (jlSJ »Loj^Jj j5

J^. jl £-2l^U
J

Lta'jl ^>ttJI (Jl J«-*J u' J-* 4 It fl" ni La J£j <4^J mil La

.4j 4jln. jilj J5^!l

VIA



Jli\ i*j>JI ol^l

JI->^JI LgJ JjjJa^J (jL°j-ll jfl "ill d U '-^'^ J-'J?"*-"'

L^xlf- Jj^^aJI (3^3 m~ ^yjJI dJaiiJIj IfAOfil IjjlLfcj ^jia. ij^Q-IaJI

«i_i'i->. J[ 1 n*v » 5j_o^o^a iSj^uaJI 6Jjk (3 <il>J-dl uuiljJI ^jl

i J (j
1 1 (J-o J-tiLi £jLiJJ jl Jiljil .->la">" jjl ^ «U" ..." Oii iIjaSIj

•tSJ=^ fl3J^ iWJL i^Ls i>jlj iiAil^JI ^j^i ^ J£ j-i^j

iCi 1 *wj ((j^Jj ' P3 ' I 'I *' jjjuaJj i _A-i-> ^ o mi J-S Cj^jLj^j 4_lS jdlc Lojjj

^jja \SyC^S (3 Lo£ 4_j_ujLujI 5jj i <a > £vjjLl!l i_il "'*'
> j-^-jI _ *'! a II (J-C. 4jl

bl^j <S,>ilj yutil Cj^jL^JI Iaa <ui ^jSj jJ |JLc dLLi Lajj i4jjl5I^JI

lj| I J^juQ^JI t^AJ iLiilx. (j ^Lla jrVCj Jtol^ll ,U » I |>->lj-)l

eUxuliLI f^jSL^S 2 US". J_c. Ijj ^j^oUJI LliLc (j 0^*0-" IjjiLu

iajlilll LljjJI <>a LiaJj ifjlj) iajU Ljljjf <LilS Zj* jiLaSLl JpLkjiJI j»j

UrSlj Jl (ISjjjjlII

j^c jfl mil ^^jASLij d .AalYUI 4i 1 1 l^J | JjjjJ ^j (j
fl 1 1

>"> a ' <jl (J^o-l

J^j ida niNiall 4_iii5U ^jJI tc> ,altJI Jl t-s II f-ljij ujIj^ <_£jJ Ji^all JjLojJI

^jjjsJLI j-a^lj .4-miil^JI ^Jj^ jAj ' (j (J* fllL iLiI^JLl cL-ii"ijl

pIj^JI Jl 4iix>UJ| ^^^LJLj t^LojJI j^x: iial^il oLiAil^l lit Jl Jj^-oiJ

l_rai«JI JUiJl oLIjj J^l jjl .^J j ^LoSlI Jl ^
^^Ijl ^[ t ajj»2ll |JIjjl1I j\ niti"i ojLclLluI ,3*iLL^II Jx. ~- -"^ ^yiJI

J*i oj Gregory Benford .^am ^j^j^ L_iJjil liStLa ci.nl

L>j«i=k ((jjLojJI ujj_>Ji» 4_»Lj^ (3 ^JLxJI j\ i<~\r\ Jjjj t4j ,_yC-J (J-t tiiJj

U-° Uf-T^-*-" UJ^-" oLxjaliiJ Jl tljJ-H Jl cA±uJ\ ^1 JjLo_>il

^ lqJI Lgjli-Q (JJLuuJ jLklj Ju% J*S <?i > ^ o-s Q II Q il\ <S^j .Xfl^ .43LiljJLxuJ



t

d t /Ti ^JjLluj frl^j^U J-uJ^j ^ *N t tl1 j^JLxJ p O Q M (3 (3

*' ^Uuiflj

Jl _>jJj <Lo^uLJI oljl_>5JI L^ji JaTu ^jjJI ilkaJJ! <j jJskilo Ufl ijj

Jx. (JjcaJLi
(_g

j"' -> j 4jLfl iSc-ljill Jj a. «J^q^JI uJ3^4>» <jl Lo^^ *. J»5~w<ill

ja^J! 1*S i'iI'C > o (JI>A» £-a & > aj "J
.4 »K II La j£j <Sj\i« «4 t't a>j 4-)j^kj))

t4 imOi J7 ' 'Jj-^i tilJj jili |»J LaJjj '' <*-l^ J I EPR ^j-^" >JJjSj

^jitsLllJ 1 ^jj^j ' IjU. ^j-vlu ^SljJl Jys Ll^jI 'o^-0^^

JjcLij (jJa-c ur^UI ^ lLyixil (JLlU ^1^1 j^^Jl L^IjjI

1(3 s II j i "i! La, Tif. (_y^=»- tJllA Jiij L^jLi tLlLLc ,j e>j-y ni Lo

,
d « * a Ij \ \ 1 \ > ^ . **

l I^ ..id 1



J£ jjcj jLa»jjjl
Ly2^.

pIj^J) Jl e J£ Jx. I jji i dj>.!

iliL.t sl^JI JljJjJ! ^jjSLi Jdi (jj)SLi Leuj II £_>j%uJI Jj.jUII J_t 4 I i/~>j

JjjJsJI ^ya JdJlxJI JLiAj 'j-j,"1

Jl^^ls ^-^i J-^J L°
tj^-lj)

tSjuJ^aJI

Aq'iji Jl&.Ij J£
^

« j7>" lit «LLo» ^uuij
(_ya* ,,) (jl 'ill i Jtfl~» mil Jl J-uoj (jjJI

Jl etj^aJI J} jlriVt inj iljj^i Kldio i*ll in" L^jl LLq tn't J£ JJlulLuij

CjIjLuia 4_t (jl uii. nJjaTi mi l i_i^xj (jl J i-»
"i mil (j^o (jSJ 'Jjj-S (_j^iLa

4 t'sj'll.SLlfi JjLmJ <U=lxuI La| <J ifl" mil (ja JjLtoj J \fl"< rn*t LcujJ tSjuJC

J"bLi«- (j-o tiilj Oj-i^>. JLoia.1 jj iXu (jl dJjl lj| jl i«(j-ojJI oj^)) J!Lo

Ija. Jrg^ 1,1 ^x. (jj ^jfll i^^ttaJI ,jUajJI (j£. g;jLaJI dljJ^L jl y"^53"

Sjilj jljcl <jl ^M-fcj t ljJ 5jy& Sjjli CjIj JjLuj^I *dt (jj£j (j'

ni n L^Jil ^Ajjj (jl ' 6 juO> Joa JjLiuj (_^l (jli tJ kSj mil jJI^C (jjo

JLiaj (jl jJ^iH Jl <Ti Vjl (jU JjLu^I Jx. Llfij^SSj Ijlj <<JjLaLoj

p

4-kic.j <«JjLujjJI» <1a CjpLa. (^jJI (jc i 3 1" a 4_ia£)^JI (ja Jl I'i mfl'iLi

a ^ '
^~ (jl» JjLtojJI fir jufli * ' Lj uu (jl Ija. (j*s ftll (jjo 4jLi

g-jLaJI dljJ^II ^nill La-Lii-o ^.jJLi jk^JI ijjiaj (jl j^a-JULj (jfjJI (_>uUJIj

(js
alLoj Lojl <4i"iLi.j Jj«_> (jt j^kLLl" 4j1j tllLiC (ESP) <_saiaJI ^Lkijl (jc

j infl >l

I Ojft t "> ) ^yjjl Jaj mxLI (jLalifl J£-i lifcjj) i r>j La£ (j^JI 5j^jjuQj

Sjj^eaJlj i^j*iljl (ja JJ^I In uiAtt jjoI OjIj J JJLaj «S_^uaLaJI <ULaJJI»

4jj <<LialaJ.) |JIjjlJI J^ 4j oLaj^I JJaj-o (jl.n'>jfl JS-i ^yfc ijjtiljjl

<Jjju J^j 4_iijjjo L«^.fiL3. ^jiijyC j^u\'t~ «6_pJiLaJI d l^i -> 1 1 1 d

J o^j Ijli jUa^l liA j <Oc illj2 c^jJI Jl>"Jij

jLli.1 u_ta_> IjUj S4tlf. ^jJI J< 'T-ll » jil^JI (jc II l-^ljjl (jjSLi

£^jiJI Lli^ J| Cjjlj ^J^JI jU a'i'JI ila CjIoj ^1 j»SJI iALlo j^X. oIjjJ.1

?(jj£JI j el£ jJI jj fl

l^-l oljjJ.1 (j-o JajuLoJLj Inflfl LtrJI

Ijjk J^Sjj ((^Luj^ll ljjil» L^jJl ^a-_>J LlJIi- Sjii <j (-jl.^aJI

tiaii Sjj^JI cJjjAJI (jj^JI (j OJaj ^jlll cJ>jjiaJI
(j| ^Luj^ll Ijjil



4_iicj <l m'l* ^1 I \ W n Si >-» I ^ n iiu Afl
(>

_jjJlj <Sy» i in CjI J^C Ijjjlj

tllJj Jlo Jl J-ilajj ^1 Jl> "i! LjJla 4_j£j gj^i! (^1 » ^

^j£> <<Ulc jJi ^jJI J£_iJI Jx oj^ 1 U^? H '^U 6Lp

ols^^l

ijjLLI ~.l * ...^ H
|

*^o ^^ail ^jl^J j Jaj Llj^ ij^2 "^ilZLa

tljiil ojJ-=»- (^jJi o^^-c-Lillt iLiji^J <ij.ua 'j^ " Ijjk Lojjj tiilJjJ

^ p p p p *

p s p

L^lj

^-L^il ^ J^j s^^^i ^Jl^aJI <j£Jj Oj^JI t>> licyi ^lIL Jlo^. "iL

Lo^ c\ .Xallj ^jLo^JI <j laj ^jJI ^rO^-!l jU. g*'^ 1 Jji J££ aJUll 4iJli_a

LIjJj L^K O^-JJ (^yjJI <6JJ-»lll Oj-fl->l jsJI^
LS

-ii j»l ^(^^ La^ijJU

jAJJI Jjs. 4jlj i^jjJI ^ "">- j^uxOj (J-uoil Ijjk ^jl J j Jjj SLilLc j-o <CojL5

Jjiilll J-a^aJI SjijJ ^wijJlj (^dJI J's ml) Jx. oJ^-ll ljU> (^Lxu^l

"Li^jjLLq j^C. iLjjJI 4 i a'C II CjI-LI jljJI aJaJLxj .Oj-fl->[ y< <nfl"i d I a -> i (_^jJI

i_ijjia ^1'^ II 4 wnLllI ia^^uaJI tJlj^IiiJIj litjli jl 5l_>-> II

. ^jSJI jU a'i'iil Jial J_i i^a'ilL «J-^>^ll (^jjiiJIn ^jjIj^j - j^AjJ ciiiiuaJL

VVY



^jjl -,£J| jam j tljjJI J| Loj'ic ipJI ^Lijl^JI jU 4_i If.j <<L*aLa.

f - * t t

LS-* LT^ f^' £l>ia.l jj^jj f-^jLi « Lfl .ufl'> 1
(j
Vn l

I
(j

>8 ^ylJI — 4 0 l"\-s a j*_>jlj"Ll j£-l_J LliLc. JlLc jiJI^C JJJtj j| .4uS j SLl^.

jj \\ jK mil I ^ it jt <t£-jjjal JLa_aj mo LijUaj^j cdljLa

(U^LLJI Jj l-> 1 I tLfijjl dS <jl 4-fl J (_yxuJJ t j-\jfL> LcLlujI _jJ^I ^jj

J£a <tiSJ <4oaSJI O^Lai^l j^> JjlJI j^> SLusJJ 4 wnllll

jnnWt (jlJI ^yjk Ufl j ii^ullil jdl^xJl j£J .nfl'i i^jjJL jJlj-xJI

.jjJAI IMP

f. p

LU ii^jjjl lj£.U> oj&j ^l <4'>< nil ^J! Kj'tKj^ ^j]^ mil ^Lai=».l

t4"ijll Laj .laJaS.llj dj-v > "II <jLulSIj £-a 'j Q '' « mil J iS'i'i (jl

j.>nrJ » j-0 LI jl ^ 3>J
iKIl j^OJ .Sj JJLjAI 4JLI^Cj CjJ-fl-il ^. nl fl j JlS'j jt

j|j i4aaa 10 j^c. Lg-il j£ju i^jixJI lA*>La «oi->jrLuiil

K i'iKjo j-Sl>J >a.l ^ryuij kilLlai JljU> Lqjjj <Lkj». J-c (^LjJI) I r>Q

1^ ^1 jlijst J^J ^1
Lojj — 4_fl_i^iaJI ^5

— JLiJI l''"j(]°^ j-o JJ_il ^1

\±& jl Jfl"t»"i CiX Ij[j .4jLtsLkJI 4_u_ujjJI j .A"^
>j <LoL»JI 4 1 1 111*1 II jj \-\~w

(£\ jl jliii jjlil jx> ^j^aJJ J^iu Jj^la tj^u;^! (_>i>jill Jjk

dlj*iL> 6j&i (_]!Lq f&LLaiaG t(_yl> ^Lajj jl t JiLo

<

f
^l J 6^1

J I "i » 1 1 j^o (jojjj 4jlj <O I 1 1 l-i" 1 1 j-o dl'jU 4_ajli J^^il jx aiij <(]/_JLaJI

tljj^l nit ((jjLa^ln <L>L^L) ^jLx^u La Luoa ui jl j^sLj LxjLi ^lxJI (jnl-> \ jl

4_>3-^-
v
JI J <<»il (Jj^j jl I \ \ !<* J ua <?l 4_iU».[ 45^3 t-K?

jii^Si <>jua J JJ_ij jj^ijiJI j^SJI kZjLLuLaj (j 4jIj£JIj .ll>jJ ^jlll

4j_>SJI lift 4JLojl J iritl d U ...Ij 1 ^j-oiJI J-^ii-ll j-*-^ (J^J^0 (j->^
1 ''^*' j-o



4jj^j p i fi (J i~t j mil j2>* (j^a^-i 4j2 iljjl ^^a-t«a^ll J^-i jjJ Lajjj

/jLfl i(JS_j ^ (JjLaLo^j . V^i l—i all lj^-oj SLi^k. tillj 3 Leu c-^yi j!£ LoLqjj Hij^

cLjjiiSlI J£j 4<_dc.^l JLC. ji>£J! Kj\Kjl
cS

JXflj Jl .nil ^_uifllJI jjfc dJj

^jj .6J J,»lU II fJlj£. J*^=>- 4_LdLkJI LjjIjLujja jlla ' LjJLxiloj t4 n

^Ul <JU1I

* - £ ..... ft

:"iljL5 d_iLa.l
<tjj^^iuJI u_>SJI ^Luj^-ic j ^Jl jL*JI j-a.1

4
(3

-^.j ^((.4 .vfl,ia-v Jj^ilj 4_i I fl^ II 4_jj Lqj ij^jj^-o CfaUijJ L^j^J 1 4-!ij \ ~>_o

jj-uj i4 \ a ifl -v (J^oSjJ 4-i I II 4_xi Loj 4 \ " Ojiul 4 >^U,*< jjLi ^^J^j

YV1



4 ^ <n'i jl (Jja-L^Ajj^ jn.ojLfl.~i J i^aitj CjjSC IjLL I^ fl uiiflJ 1 4 j iu Jl^uJI fj£.Lo

J£ IflVvl <i_jl"£ j 4 ,^fl|| ^jkxJ iljjJo JjAjI al&j 'jSjJjLiil ^JIjjlII

£-a ^^CjLuojj ^jaJI (Jl ^,_j_»jliiJl Jlj-» < Jjlj 4"iYi ^SJI 4 i^ifl 4 ( 4 5 ifl -v II

L&JjLjI ^yjjl Sjt-i-t II J!Lq <^Lo^U 4j_uuLujI Sj U-^. (Jl (^JjJ Lo-ij CjN.S mo

^lCj-Q jjS> 4"i'i l jxJ <_^jJI JjQJlJI I jjt> {JC 4_il~lCJI iljLa^oj .SjjJI LojjjC

jrt,j>"> Lojj, (jl-otj 4JLcuhl {Js,a 1 LLj t|\ j a ^jJi LL ijj^j a 1 1 SjJjJIj <£uj^o j^jCj

4 1 fl i*s M Lfilio dola.au ^jla. (^Jj (g. xkJI J| jjjJilJI lidb Jl<u Uji£. LoLoj

i_s
lll ial fl'iJI ^ IjJjiij 4_ojL=JI 6iii (j ^ i^Lu i.c\s i'H\ I4J t-m Si

lj
iJI

J >a*i mil 4_> ^Tnj J~i LojC qI -> ifillll ^jAjLjj ^SJI 4_u2lS (j J riVC"! jxJ

L> 3jn<» Sjj^HJ ^yUl dlifc Jljj ^ <Gl SjUil ^isjlj

5>a>^- 4_ili-aj jjs> <^JiJI ^Jl o-° P ji o-° 4ijLa3

<QED j I 1 i-l") L) jl 4_lr>^ II 4 >
<\_>r>tiljjj

<3

<
£ II aids '4jj U\ll p Ur I

o "> i <—> 1 Igj) 4-^.jjJ 4 -> ~»-Li Lfjjl cuAjaj t^j^ti* II 3j»SJI qI i'ih ijl (3 QED



.<i II c/^LsJoil m'bl^JI ^Ujji JS-<i JS-i

» 5 I" (_yjJI d U> *.
1 1 ^yjij <(^^iLll (^j^lll J^ljSJI 4 U>*. I ^j^aj^ m~

ij^tuJI ^iluSJ "^j U-L
, ,,r. LgJ \q ...a\ QED (jl -ul^J^I eLa-oiL

laLa^o 4\< 1 < ijSLi-cu'iliLl I ij^iijjl j ij^UJI ioj^uaJI

JuC _)J^J (jl JJ "i! uloj mi~> II ^ya 4_>1 ~> mil ijjij <4-l1I i-n II <Jjl o > ml II ^_ya

^^Ja ,j ijj'jJI >?-^ 'J^^JJ^" Cj^JJCaJ Lil-SJ Ijlj .j^JI (J 4jiL$j}|

5iUaj 4UjL$j>I 4±£ 0 U »" ^j^^J^IJ jaaa uaJI 4_i i^L^JI LaJLslU <p£JI

^_ya
i
_y~i\.\.\\.\ 4 if.jiIj 4 i i^iLij 4ji_>jJa clLui

(
_j^ljJj .4jjL^j*i 4 La »"ij 4_uL^j"iJ

^jiLo k_flj-«j fjjiiiJL I fl'm (j/ili'ill {J\ n [\ ioL»jLgj*ilJI

4_»L=-."^|1 ^ji ijjfc i-JjjLjj iSj^uLil 4jjjjjaJLll CjLxiI |51L (JjJ^J^II

<Ukj t4_,U mil + (Jj^vU^I 4 !'.< I li) I^U«" ^| 4j_>ialll JlX: ,_,-•>_) ^1
CjLjjLgj'iLJI C^^l J-^l^' lij (O^jLall 4jiLgj*iLll ^jjjiilJl Jjjj

(^.Ul l^=JI (j^e 6^ ^ ^ ^hI^' ui u^^; f-^l-*
4fK?

c



iijjLaJI ^wUu ^j-4> 4a U J-C ixijUJI du a. t^oijJI Jl t^ufr Jlj

t
(__>

-aj'^ll ^Kxu J-C k_fljJlll ^.LajaJI (jlj-»-o (_>uLuLojj iJaJLfi ^K-m J-C

Lajj (J^jLxII (j-a k—fij^iaJI 6^-4 JfLa (jj . 4 1*>^ >« a 4 ft in"* ,jl

\ 0 • Ljjj Jj.ia» ,j-a ^Oujil IjiLd ^,l,f>-> II (jlj^-a «£_ijiaj Jj < 'i

»

4f La II <^£-lj -Stl^^SJ ftjjk ^Uii ^"^il tJ->>a-J (j-a Jj *i| LvAj '"^Uaj

j^j lijlj i^y^ji\ Lyj\ i5 fi i i

|

yLia II jiLiJ.1 (jjj j%

U
'i LlV^ U5 a ^

I

tLliLjji! Ljjj ^Liil Ja IjLfl <
<_>2>j'}!l ^MMlLaJ lUS m J_c iaiLaJi ^1

4 !» 0 1 La iLijL^j'il La La ^jjaj iais JjJlj (jl (j^-a-J LjjLfi

£_aj <!aaJI (j^Jj .(4j^<ll 4 .< . 4^.j j< ll) .QED J j^JI jjlVio

Yo ^Li <Yo Lkjljio 4 - ijjij ijj-i u^*"' d"^ ^ 0 ' 4

a

"'Q

i_jljjaJI ^ U »" ^ (ijL^j'il La J-C 4-0j mfl a j»j 4_>lgJTil La j 4_ij A a

•j^l 4UUI ^1 yJa^ J^ ,Y0

Iq i oLuLp^LII tULlLi !4JjU> 4_>^2 II a <^Jj

d > ,.i »UI \4 j< II Ci^Lk-ljlJ 4-ii I a ui Cjl^uLllI jii^l ^j-JIjoq ui < '

(JjlxflJ > (j^LiJ-1^-"
ft
^" " 4 tlcj i4jJLLe gjLljJIj i4jjjj| i^flLla'jl J^.

f<A\ SL^Ia JjLfl La^ LaLa3 .oL^l^D! ^(jQlfl'i Sjo^. 4Uj lv>< QED

ifcJjaJI ,jl 4 fl > 5 ->j .^jfl uJI ^kJ£- l*lxo jl (Jja-L^jj^ _/UuxAjj Ij rt" j 1 j»J Lajjc

^ U ~> J ^jl i_t^t > (_^jJI \ I ->jJ I >"illj iic Jji. L^J^ ^ 4^JLuq

^xe£ J^-uu « • j^L (Jiaj ^£JI 4jjisjJ 4 i ih'iIL ^Ij^l ^<aSLj 43j^i

*

Banesh) ^,L»i^A lA^W ^ilj .^Ju ^$1*1* l^i oa=-j ^Ij-u ij^-f
""hjj/il] oL»LaJt»

.jjL Jl fLj^ill j^Sj j^k ^ ..u-li SjUI T\V ia^L^a >LJ) j*£JI L^ls» j (Hoffmann

YVV



Jj^j) I-..V.1 HI t

L4IK3I Jaii /jS^qj ^IJ! oUiL^j^JS Jl 4jj£U uijjJiJi ^ ooAj

J4_uiilj CjLuisbj -Kaa c»» »ij t<L>jl_u->l SJLjJoj

bilo> (jsi^ LaJlc 4oa£ JLsusI £yr\ <ri"i~ 4ujua|jJi CjLajusLjjJLs

^IjJ ... JaJi yjj* yJ^J (">J 4Uj m ill oljr^tiuJUs -lliisljj ^JjAA^i Lfri * iy, 1

** ft C

Jl *i->^ Cy* ^>L* jjlj-w ^jjikti ^hf^' 6'

rvA



Lai Li.

pLj^iJI (j^ iaulill S^ill ol <_>^JiJ ^^liul
ij!

^Jaluil j3

LL 4 <n-»LflJI dljjj plj infl"i oLUalaj j^iu -Llfl'ill j Lajj ^jJI <p.jjJI

Sjj~> 4_>ji=u (jj^-J

^xixlLi ^^qUJI tJ^aJI (J ijj£JI i*J^i=J J^Afll p (}
al JjjjJaJ! ^JL Lojj

p£JI l^Kj-a LiJ^j «f£JI J J^l ^yia. £y£ JaaI (^jJI ^l^jfiJ!

4j <
>ie-ijl jk La£ (j^Jj *JUJI *LAiJI ,> J^JLla^i ^ LUj3 U

^jJt, 1JL». JLi- pLuai^ SoaL=JI ajlil ,Jc SjjiJI jjl

4 i <,aji iJLi. pl^i 4a1c! (j ^I^JI i^jIj^JI l-AA jl tijjp&ja Jla iaU»



4j_uij Jjc 4j Ljj^kj jkSJI ijjiaj jl jJoj ^jJI J-i^jJI

QED J iil^ J^L. Jl l^.Kfl'. p£JI c^jLuo jLi iiaJI e>uJj

6jLc| i
U" Jj "ilj <4jj|_flj"}!

^yi>
£j

^^flJJ ilLLJI jl Luiajl Ljj^kjj

Jaj^j La, )*\Cj

j£xu -sl J5II IqWIj oJljU cLal^j^Lili gj.^j k-iS^I
-

Jl .jj^i^jl i^U (Roger Penrose) j^jj jLc

^_ujjaJ 4 fl
\~\ *s ft Jj_>Ici jfc i^tA I -iSj (jkilj J| Jj-us_jJI *^aL^_a O Li-uj Laj*^ I

* . S
*

t-jl^aj £j a i I
<*> ^t^jttJI (3 /> ...^ llj ^I_jaJJ I > . 1

1
' a- I fl

1 4 ~> i Ij < >l i in*^a i ...^ C I

fl
lri"».^Lj (_yjJI t^jlijQ^JJ 4_1jyi I a I n i Lam) mi n

Qmjl Lka 'I pj-ujJj ttWiStOr jt ..Jalll iijiaj ijjjilll jlLa!

jl j« JJljI I
fl
in fl.') 4_>jJaill Jj t<_^uljJI p h» I j\c. Uflfl diLixoLjJI

JjLsjj — 5 A-wlj 4 ij U'. ^1, 1 r nl—» — p fl
o

fl
8 1 1 (j^J .4_Lol£ (jj^-i

Ji.|j ^Ijidl ja 4 » inLoJl ^j^Lo"i!lj 4ii5 lill £j\ n i II t^ya (J^ (ii a") jjjj-i

(jiAll LIulj liik (^Li t JS_iu CiLia! 4*K mil J-o

lyjlll ^gjj~i mil J-c (jl^-ajJl oLijjIu j^uall ^Jj^l (JLlij

icyvoj ilLi^Li CoIjj 4jj jLaJI CuLj iaj^-fl

LflJuaj o^-oj ^l_>^l c5 4 S Laj in j» Jjaj (_sjJI iJ^aJaJI ^ijl^ Lfljl J/lao

n ih'j jrt_o
r ° N Jl^a. tjj^lj (J^_i 1J^. Sjj-x^a (jAj ° J*s <mj

iLijlaj 4-iAoUu^il cwljUL i_jc!bLjJI alcj 'Ifl iLi^LJLj .(Jj^Li



iOljiJl (Jx. 4_iK £l_>i-!l 4 mala (j 4 ,> 1 1 oLs.jjojJI I ft & I Aflj

i^>AjJ (J^^ ulj '^.t^a^-ll CjLa-^ftjJI (j-a S^i-j 4jl_i 4_uiflj s\ \\ jl >*i r.
I Jj^oj

I ^ U jjjj ^jj I Ut~> LI jo ijjLfli,| frl^a-L ^.Lfi t5j\ all G.ifl> .^a-ta

a^_i 1^ v " i SL^j ujLfi j^jJ^Ij CX-'J i4j^i LjJLc j-vlaj (^9-^- 4-*-"*^ L*

JLfc >4 mfl'i (jliajjl jj£-> jij ^.LojIj jrj-*lilj LusLaJI Jaj.aJ.1 ^Lh (Jx.

«JJ) »,J «4-iJ_aJ ^oiLj)) 4jj / 1 > -»-j Ij >j 1— I JO » a ^ ft'v II nit I

(jLfl i<^gJ.1 CjLu^jjJ 1 » '"j <(_£jja.l Sj I it ij t(jl^.ajjl /j^a 4 a I" -t n JjJaLLo

j^L Luj JUJI ^>JI

LiikjJ tiijrv^-aj 4jl1Lq jr^C. I
(j
Vs Ij 4 ftj o jLSLil G.ifl> J£j

(d'lftj 9» jl illj-iJ jl (j JJ^£> (j} iJLIa (jJJfJ o^-lj 'j^l (j^* 4j-ujLujI

j-qI "^jtj .^'*a <i _/\x.j t
<]

j ftj J^^^ -7^3 '"' ft ^-B I 1 (j ^JLiJI frl lAall

(j^j "i! Looj 4LijLLI .".I > ...-v II ^| ,j Lilo a\ (jl Li^jlxa ^_lu^jj

^pjl oLjtVJI jl j Lj_^li Ijj^j tJliJI s-LAiJI 4jjlia tl>a.l ^j^l

<Jju L^a^flj |»J s-Li^il ^jjh j^jijjl ^jLi (jl J^ojl^j ' jl j.»T> (d g ftj fl*D)

ol^lti.JI (3 j^JI ^uJiii^a 4j ^yjLi La k_xfll_>j jl La^-ft j-a^l j^j^-J Lcujj

jsJ^l ij^iLJI jLvkSlI jjjLic o^l^ >^AV iLuii JLcj <iojUJI iiJlll

iSAfll (j oLoJ-uraJI J-oLjljJJ i_SjJUI ja^dill 4jaJLaII (JjjJo J-C- Cg" kfl'o

dlilLi (>>J L>l iGKI C f

J jjJIjj^aJI ji»JI J^o ._iiii->j dilL J^jia ^Li jjG J Jjjj jiljJI j Ci'i^ U[
*

VAN



j^jJjjvIi "tiai jjc i^'t til

^LojJI J 4j£La3 4j^jLu^I C^jLxlLs .eL^^I j (^ojLluI ajKjCo JjLalil

«4f I njjl i_jjL*X. Jo^l JjJJ LaI^J ^-^J 'J*^ <j"° J^'^.'J iST^O (J^xi

SjSLli ,jSJ (<£.LuJI jlit £_a jj Sl_JJ Sjj'<*> SJLaJI 6 jj2> <Jj

J-C- (^lixil ilaj «*L*^ 4>^ oU^ 1 O 1^ ^
JiiLaUl (3-o (^jj-Sli gj^SlI ,>> JjJjJI JLuij -(Lil^J J^a. Jl £a-jl"J

(Jxa — <LxajjJI Liatio. 4JLL ^ "(]
a J^-"1 £.1$"' U'"'* '

J i4ajjJqJI (j

ULa frLAiJI <j 6 jjj> ^IfxjoiH jlfLfllj iiJLo il^Ju u_i> »1)

(jxil^ji.j'ijLs i^^qjJLj j I nul l (j^uLflj L^j*iJ (_gj
l,<n" 1 1 JjLojll jj-illl ^. o i i ~i

)

I jjlf (»yi~> [jjlJJ C?^5I tjr° 'i=-lj <jj^ ^t^-xjlj <jLojJI <j

"ill eL^AJI ,ji j-t a^ ^1 (PCT if^j) ^LjJe^J'

.iUuii oSjJI j a.m^tMl SjL-bi.1 pfl^i.M Jl Ap, ^JlIj

j^lLil 0"L-l PCT_ll ij^ij

_^Li :Uaxu)j l!uL^ii *^L!Lo jj ^" 4JS J-cj coLojou^JI 4^ >->. Jx. jLls^I

.^ji.1 Jl SjSJI L^j^ IjU fjLiu. oU

YAY



^j^' (J^ » '^j J^5 j^O J! £jjLu=^ L$l"^ (JLxJI

ttg in6\ a mil jjl Jjl ^j-0 (j'nS'* Lojj jl ^-^J isLLa <L=kj

j

(j .Jjj-ll J^>'»J i>jiiJI 6 jji £-nbj ijjLkJ J-o>> 4JL3JI o (Jj

Jjjjxi^U. oj^^Jli t^gjjfl's II ^jiJI £»a 4 mfl't *(_jiJi *»
'~^JJ

tQCD JHL»J ijjiiJi QED dLliJ =» *'j .joLLa yvi. jljio^
A-« JjsLstlJI Jgfc i_»C.L1ail QjQ U jlj .QED (JaiLluI J A i-<K ml ^yjJI

YAV



g *

^ya 6J^-lj I 1 iu^;d£j "iljiLaj Iqj 4_ijJi-!> 4 \n ail£j IjA

(jjj^iU j t i.-y (jjj^idl ik£ ^ <£LaLo Jaii L$jl <QED_1
P s*

^jjn't'C
4 J

mj Ul \ i njj^DI c/^Li-ljli 4 ->LjJI ijjJ *iiLLl I 4-ijlViH
\
jja W"i rnj

(jU <il ml I 4 II (j-Aj <i_Ll*_iAJI (_Jj^jJI J^wl-illl ilisLa-c ijjikj $lj_d

(j-o (cjLjjJ^J^l) LIaj CjI n \ my JjLxjjlj ^jX. La-i^l I i'K fl">ll ^fc i(_£_>iJ j^ol

(
jx I U i mj ' -~- j\ J At~i L^jLi >4-uj j*s II (_£jjL]| (J!lo LoLojj >4 » i"i II 4_i^j^!I

(jjj^J' 4 U inl^j J2"i'i~i jjl Jj "il 4 fl n i<*>ll ^j^jill (jl jAaj 4_iltj <CjL"i^ajjilJI

iij^^JI 4"i-> mil Jflllj 4jS| iIIiAaj jj_Cl £-<-ajJI (J^J <L$j (^LaJI

(t i\x .All JL=JJ (jjJji) >-,<tutt^ll (jjj^jJI (jli <4fl_u i^ll i_j"1_».IjjJI s-LijI

pi n 1 II 6 j-4 (j-a ^jj 1 il>< J^-_9-> (jl Jj "il IjJj .4*.-^ Jn-t i jjl ^1

4B_>t,^ll c^liUlll
(ji

«W-j W+ oLjJ^j Jx

^ftj (llLltj LLajujuj ij aa a I ^jl «j fc'.H 4Aa " JLfljjl Lajlj j a 1 *iJ

4-ijlVill 1

.IU~"j ,4 a .» All olj^aJjiJI it ^ - I iZ JjLslLLI (JjJ^jJI

(j^-> jvl ^jjjJI <<L>1jjJI (j ^AjLiJtflll *n! ->• ~" >

Ly
iJI 4 a > -"^ II 6JJk -Ij^J

jjjJI 4-t l-> ir->H 4_> i^LljJI Cj"AjLojJI J^>- J-OJLJ a.Lfi (J-O Jjlj

(jjjL-oi jjS> Z iljLsilLI laiiaa llj *W Ilj , a_.» ,^fl Ji^ljiJI

^11 <UV ii^o jjlijU iauoU. ^ Sheldon Glashow ^i^La-

4ajt 1 rill O^Li.ljjJ1 (_>-o 2^°^ lUlj Loji j^Ja

O I "»« j tllaj 4-ij h > 1 1 ^| 4 1 ,il i'ij 1 1 4 K i"i 1
1
j . 4 > ... > U I *i t fi II

j

(_jiJj 4-LJLs 4*<-^ nill iJa^J 4jj1Ua (^jij ^ jfl oLjjJ^AJI (jit's r. iW

•(e+ ) ojj^j^b (e
-

) Ojj^^ 1 'SjL^. i.aj.i.^j < nj „,
:
,< W _

j W+
j> _,Licl £ it-.IL.

;

YAl



fi JJ Nlj">") run \^ya\ 4jjlVill £\\W\ SjLtl J*~^J <_£jj| j-o^l <l flAlYv I

jj^-i (jl ^j i4JA£ ^J_i CjIAjAjO II <4 ' JaLii "jj j*^ II 4_>!_uuJI

5Jj£ IjU — Lte ^all 5^ua5 i^auiJI o^L>-IjjJI $1 <4Ja£ l$J

4jJjJlil ^j^JI LgjSJ <j£j£ J^_ij I
(3

nifl't <Uj£JI £-a CuimI 4 K ,m 1
1

j

L^^a. aLLi^j jLuail aLaJ^I j jl jl^o (<Uj_i!! l^A^a.) Cy^> ^"^LA^L

I4J U^-*^' U-° <W L$J 4.a.i,.n->.j .j^JI Ac\j& j^a" U£
™ -

# ft

ScljIjJI iJjJill 4^jjaJI aiika 'I j"<^a. J^. 4_>J^oJ>JI 4uJj_iJJ L^i^jo. I loj!

(jj^jb^ui 4jj£JI ixuAC W oLaxoia. lj| La I .J£Liiil J£ j ,_u ki">

ijo AV wf-j W Cj\ a > "'"^ II * A Aj OIA3Aj)-Cl! I JjLojJI A,*tJ*ir.

J-» ^" ^jl (j^-QJ ^jAJI <4 ""'Ul'ii.Jjj^ H i—i^Lil JjJIj 4 fl " uaJI C)"iL>ljjJI

"il£ ^11 a"i ^.»U"II 5jLt^! iLLs So^Jj 4->jJ=>A (j - g la >j 1 nla a jjjJI

. 4 K mil I ni'n JjLqjJI IA fli jl 111^ 'il _• j 1 j/Aj) 0 1

1

!4 11 111 iUIj i 1 1 Jj»o JIj-o (JjAil ^yjL S^^LjJI JjLojJI j^uijj i .9 1^

JjLa JJ£. jJ^C. (_g
j)A -k A 4u-m±Ja Llxx SjLo (j-o I LiiAi J ^1 ^j^&ll (j-o-S

SjLII (j^jij LojAc^o tSjjiLLo oljj J-iLflA .d 5 >». < a A~*\a -.1 ... . Ul \ » ^

IjJjj-o dj-^Ti 4 QjajJI <uLi.l jJI pi nijUlAJLLI t>j^ jLi tSA^Lu 4 1 .,. lUlAALLI

(JLl^ (_>u-»J^ iCjL&LiA^!! ^ua. Jl _/i_<iiAj LijIj nir. I i^i 1 Lg_iAj>_> j^.ljj^

LojAc t^g.11 lUlAJLa JjLoA Jj=»-j-i ^ n ijiriflll (ji i lU lAi-o JL^~o

i^AA t>j\js± 4j»jJ ^ ^ 111A 1 4 \\ n n e>j\js>. 4j»jJ i ~i
^ " 1 ,ij ir»fl II J

I

J
'Ai 1 iISU.a/. data ill 4_iia»ljJI .-.I ....Ul'iitl Lgj <4JaliA« 4JL^. SL&i

JjLSA 4^kULo 45lia ilLa. ^yjjl (jLi 4jUljjjj 5jI_>o. i>jJ .V.'>Cj ijA 1 t j-o

ifllia ills. ^Jl (jLi iiALLAil Sjl>sJI

(_f
jJI iiijiaJI pflj ^j) iLiijJI 4_lLAvIjJI -.1 — .Ul\i/vll 2 .^1 .^^ JjlA

SjljjaJI oL^jj aAc 4A^ ja_»AJI Jiij^j iJjLojJI j^£Lj\ j <(Lg_i - oU,^"

lUAAj (4\<iutr>lAJLLI ^jill J^. CjIjAJJ ijjljjajl iSUaJI JaAj d . a~j II



SjIjjsJI olajj .lie Ciljjil ijjIjJsJI 5^_>jsJI J-t 4 j nnUllxll ^^flJt

4_>K It (j Jjiaj ^ mil Jjc (Jj^piutJI JjjiJI q!j'm~i .11 >i1jl (Jj

((^j-aLjJI JjLajJI jjJaj ^dJI >—Lui_iAJI Jiljiil jyjjAJ (J I Sja- (J-t

dlj^J <j^>£JI (j-a oLkllLuJI 4j1Jj (J ^-i'iLa. 6j£jjI (_£jJI

SjjJ^JI 4j_jJ=laJI JjLqjJI j^uS > t ,I1ti"\ m ^ ua ' JJU )JjJlLo ^1 mi l

^1 <J 4i-J uall CjLoj-^u^JIj .(Higgs)

4 1~> n'l^J ti tJL* uaJI ^jO'n II JifcljlJI ^j4> <a£fc.ij JjLoJuO (_juuLlS JLa^Q (j

iLLfl 4j_jJ=waJI 6A4> ^1 Jju I mi ^ <A~>I jij dUw.jll d l"< II d^ajjfc CiLjjj^JI

Gerard) c»i>4J ^Ia?- ^aU^JI (jiLj^l iL»jl ^?^> t^^'t || Sjlc^!

<\<w> (t' Hooft

guojll JA.I jlJI « Jjoju»j .^-ujL*. J*\ <7i \ bjj&aiLA A &\i irill 4-ljj0*s II ijjJaiM

«jr>jSJt jUftjjl j SjjA^il dlt Jlo iisSii ifllXJI 4aJU 4iUs ujj^la Ci^">

CjI ni <n^j W oLo.t 01-v I Q * a
jfl laj (_yjJ1 d 0 1j U 1 1 > j>

U -<
*
" JSl oliUo J-a£.

j

0*iLi.lJjJIj 4j nuULl*-ajjO<i II 0*^1^1 ^ J£ Ji^flVij t 4 |VC H 4 flj'i^ Z

4j| ^-6 ^'NV^ iluj L^Ac c-LjjiiLlI (j Jj^j 53^^ Ij?" ^ ^vj-^j'jj

oUj <!-•> II v_jjL=kJi gijljj '. flM-^. (j (CERN) oJ^-*" i3f->^
N^AV ti^u

4jJLc CjLjjjj_>j ^La-ui 1 I q \\\ Jj^a_jlll ijJLc iiUa j">c

JjAil ^yjLj i(iiUaJI ijJLt SjLiail CjLijJj^rJI ^ ^L*_io 6^iilxo 4iLkJ1

1 7>j-^ A* JIja 4 1"<
1 1 olj Zj W cj! ftj ici-^ JjJj^lj jh <mq"I ^^lji



5

J

ijjiijj iljja. 5jjl^>- iLjjiaj ijjiiijl o|_^" *-o

4_uiij Cii_jJi (jj Sjbj\ t"tjJ t^S-o-i *J ^jlJI ifljLuJI ^ji*iLa. <L_>iaj k_fl*iLi. J-C

IjLsifl tSoa-lj ijj-l^j ij ilA^I^' u^-ol IjLi tiJ^loLa. (JjjjJalJI (jSLj

jjl S^j^jjLujS!! ij^LiJjill J£ Jn nil SA=k^o ^aJafc 4ojJaj Jjt-j (jl ^>^aj *}!

p t- ^ * p

(_£iiJI miIL 'jj"-1
*'

1 Lo-o j-^t 3 °
" ' cj*°

<_)jJsl Q-1 ^"' mi'i >l ^
!-».

»- « •

o mi J I j *'l * i >l"T) SjLcI Sj^< 10 i_>jLxj j a !l .-.I ijU'i 4 K ml lj

(j-o Jj *J CjLijL^j'^! -ti"> S.J-=Jj (J^LiS <Lj_>i=>j '-'J-^J VjqLojj iSjj-Oj-o

^Ji'^lj (4 nifli ^jiJI (j^Luil tig 1 . 1 n *i iLjjizJLj > iftTt ^1 Aj ^ frLjjiJI

,-1 ijU'i Pj^i tdllj |j ! ^4 \jaj .^JLfll^JI ^JL*JI CjIaj^I mo

(2)1
,_jaJI oUj <<i^ H (J-o 4jJjlaJ.I ^1JJ^I J AC- La Jj-Sj ^LxflJI

YAV



(2>^-Q-» ij^-t" (j-Q ^oiilaLliil JjLqjJI jvuS ij^

(5j gGuujuo S^Jli tjj^-lj jjj 43^9 5JL^ l3 &jvu^ J^Jj-gj

j US m" <^l "iLkLt Sjiil Jj jfl"< uu ^x- JiiLolJI

Jii-o ibL^-jl (j i^jUA. o^L^ j t^yjLijjiJI ^JL*JI _/uujlOjJ Us o -,1 ^ t II

.jSUJI JSlalJI jKIj! j-o UVi iixu ii^kiJI a1a

ia-oU. ^ (Julius Wess) (Jxljj ^jJ^. JLatl SjSLiJI o^U.

<j£>j-Lij i«-oL». (3-o (Bruno Zumino) ^jj^jj ij^oj J_>L£

^1 ^j^-QJ «n fl~> II jj£-lj ,2 » ..Ull jj JiLojJI ^ya ^^jJI Ha (^_>j "i! J-S'jJ'

4 i mtUI'i* ftjjfl's II (jftiAn t (^jJI JjLqjJI ^fi*s\l j3 (JjLqjJI (jl ^jjSLj

oLLajJI Ijl tliil 4jli5LH <Ui Uj j£jll .SijJU-aJI O^IjjJIj

a'l^il fLijI O^fcj ^ylJI ifljLiJ! Cj^jLojJI i
a --a t 4 < ir»LjJ1

cLi_o_j-i-ll " ' II I j >a _• (j-^ 4jL>_)JaJL> j- ***> La Lftj^J i y\j^JI

ilILi. l$J oLajLiJI Lijl^^i) (J S^JLua ^ t"< pLj^iJI j

J I La>j\ Hi's jl Jj-o _/w^S <J-°3-l ^-^^ <jl Lij-La 4^jLflJI *! a ' -"^ H J_)S_qjj

VAA



^£xJ1 4_CLiLflJI pi e\ \ i,t-\ 11 ajjk JjjliJLlj <(j3l 4jj£ Cjlj Ci lftJ ma (2>-a

^ jj-Aj < ^n-i^JI jl a. aVjl OjLu ^^iJI tilJj JfLo ^ijjJa Jjj.lrN.'J ^llaJi dliLi

Jjj^_ui JjsJCo Jjiia Ijl ^La. Ijj ill run Ij^al ^jj^-i <^Jj <4JjL& iiUa J^J-I-I

. jl i(^n oS^J^i I Oj^J^i 4_a_tul ^jLuaj tlLlj ij (CERN)

JljLai .3 ^.U.f jUn'i dli& (j^>lj <<(lj^» (j-o JjJJtJl <U iiLlj J^j

* J£ ^jl (_yj>AJ JiLooJI Cj^la-a CjLj^>laJ ^j-o 4 fl
1" -s n dLlfii

> Uii 4-flJla LI CjI a uia II ^-q >j a J-lc ^ n ml 4 ijU'i II

^ya I '*'" J ^1 JJ-xJ 1 3t mid dJXaJ (^^l tiJLiA ^jiJ J"6^

(Jjucsi'illj («4jji)Laj"ill)) CjLftJ no II
c
2>-a ^^^j"^ JJ^J ^jJI n"\-> L oLfjJalll

O l ow . . ? 1
1
jl dJj

ijii^i ^Uiu 4j t—> 5 t J^.l_j CjSJ$* ^ ujgJI t-i iii il (3j i^LflJI |J!i I o"i 1

1

Y LgJ l j_>i»1 J£S 5jk_uuj fdjUia Y/\-,a=Jj ££j-u<j

ijU'JI fijjj) jAi » ^ ajj ij ( m . » U" II SjLc) d I » <"u Jjl LqjIj (SJ3J^-^

(J\
» )~I.O igj^Lk (^y^S^JlJ J' »i 'I '"I

"J~J^ I 'At > I j Js< I CjLuL^j^UI

.Ljf-lj_j <Loj ma tlj SjjJjaJ.1 jl^C^I l/^jIjj CjLuisLjiJ 4jjuLlil ^cljill

JljLei ^L^lJI <jl>aJI Aaj ^yiJ 4j£J 'lli^- g>\-al\ JiiLajJI jiuj

A a I", -v II pi'i || ^j*^Ljj <jj1> La JjJ
'"'I '3 *° ^ pi*' t Jj; fl a A C-^Ii

4-ijl^'i J^JJ /)^Jj tLoLaj Sjjj^aj ^ fljfl ^ II jJLaJJ ialLLil pLa-nJI

JjLoj 4j_>Iaj JLl^i tlilj < Lr5jiLaJI
(JUJI j^-uiu 8jj_».j Jjlj JjLsj

ijj jLiJI N = 8 4 >>lajJI aJlA
(J
_t Jjj iLuaLi. LaLajjil n"> 6JAa-a

.ifl^LaJI

' j" ' a
IJ 7~ ^ninl (4 > i^ilJLfil 4 n i m^. I 4^jLflJI ijj jLvJI a jjJ> lj-»JJ

_ I (^j^-l pi o < tn -» ijjLoj dLlAj i4_ujL»JI JLa-a J>i~>"i (_jjJI (_r*J

(gravitinos) .-.ly.yual^^Jl ^ n „u (N = 8 Ljla) (graviton) ^^liil^aJI

TA<V



*\ Aj .oi:j^)Hj o^jl^Ji jlo

^LijjiLdt ^ jroSJIj W CjLaj loLjjj^ai) 4 k i nijjl o'^-i-l JjJI j

ajj^flj j^^-ail "A-J I Cil oj m-> II ^ Jjfl n JAC Ijjia .((glllOns)

/jfLlj . qLq-1 uuLa. /jl^ n itlLlifc <_ynjjj t4 ij-Lkxil 4 ]r\ "'l^aj 4jSJj

Lojj^a .ijjj^ JLaJI ^jj^-i IjLL J^*. LjjJaJ Jjl jl a Jjl '
'
'

Jjkljja ^fj I Jja. 4 I ill iA djofi olj 4 i > w"i oLo-i-iu^a ij\ -> fi
.* H

jJ^p S^^a.! Ila. I j'tl't'S '^Lj fj\ £-o

ijjjj^All iaUaJI jiAfill 4j_luLixi

JflSlI jut iiiUJI ijjjLJI ij^k: Jlo oL>t^ j5U iiJjU

c

(Heinz Pagels) ^IjU JLs Lq£j .^.L^l aoa (\?1*-1J >kj> JL^o

4jjojI JjjiJI ^->jIj J£ \ ua i 4 u'ni (_5^J! i -> 1 1 1 JJU La pLj-ii

LlLa-i. J5l jj^-ll fLaic (j^jJj *« 4j i <^ It pLjjiJI JuC 4jlAj^il

...-^ II tL)j)j^

Laij 4j"i! tpl -^ II tLjji ^ Lcji J^'jJ^ (J uJ^-" uj^-1

c>j-v »iilJj J>^- jl ijjoLLI ol^al^j ^^LjlII J"bLi. ojjkjjl ^yUl jl^-s^l



JSI ^>j^I 4_>^>J >4ji t^oj J£j (jj^-ll ijj^J Lqjji i4jJL^. 5^ii

LLi.lj 4_uL> 1 ii-i" nl jLslj 5yLflJ ^"i i »">j iC-^oj Jys a liiu ^SAiu

<LujL^JI <LiL=k. Jx- LoLaj IjjI^^ILo jj^JI (jl^ ^L? ~ ^ (jojl i5 a i

iJLiJI iijjUJI iiLLJ Jj "il jLgVjlj JjJ^oiLII J^XollI

^ jiai ^jUJ ijsji isujij

^aJ " —- ijLa^aj J^o uaJJ 4_>j\ u\n d iK iflLLi 4j La 1'
i f"i

Lkl^
(_f

jJI 6/uU.I d a 1" A. 1 1 ^(^j^l jj^ J^^jj ^.axujj (_)Aaj I i

Lbj^ia j OaaJ
l_rjj*i! bj\ dll <*-uaLi. 4 fl i^i ^-1 Li'j

^JLsl MAI .^^1 Ky^K^Hj SiL^aJI i»jlj^JI l^=Ll;.

^jJI jjljj'J-l o5j-o jj i-v ^ ^ »">*» (jj^-i Jl5 JLiJI aj j U aj nillj^ o*"^

^jil Jx- t injlLI j ((jljj^L iaLflla.'jl td .-^^1 jnl^i 4_> j^uij

t^Jjj-ub ^j^ll (^^Jl jjojLxioj CjLs^jo"\1I lJJj JiLo CjjAa. 4, ir~ij-8
^3 -iJj^IaJI

dJj (j^yCj-ui jAlxa. i^yjL^j'il (J-oJ>J jljfl"v4.)l ilLa. (j ^J^JI ^=>-J lj| (j^J

J^j-J| jjl pi ->j i4_)LgjJl (j ^jJI ^^^jJI (j-o La f-(_yiJ Liixi lii^lj

t.jjjJlJI Jyi ^jiuJ 4j>Li iJ^jj j^l Sl_LaJJ Ufl 9 ^ n in i ^jJI ^aji (j^"^'

.(jljp^l o*- j jLiJI ^L*^^ 1 f- 1^' UJ^" 0^ ^r
1^ ^



J| » idjjijjili iijjll itaU. <Edward Tryon Cjji^J* -L>b J !

j_o .^jljJL ^jill ^jj^'ill L^LL ULoIaI J (^La Iji&j ^.'GLuisljlfl^

:^_o ^jiojj i&J^a-^aJ 4_i ^^ajaill ^j«a^JI ^jj^i Si- \-
a t^Qis^l

A£At = h

(jjjaJ idJj ~'j I ^jjI^ojJI (jLa J^iJt 4 i^i^Lkj tlj^j^ Llj^

IjtJj (_yuLlll ^>ilj iii ^.tiaj 4, L\,g.o SjiflJI aAib Cilia

£_0J lillaj L^j-a Sjjia. 4 -^ 111*1
(jj_>

l=ljj

'Lic.lj.s cj L=k (jj's'i 1 Jjj^- "(^j-0^ uJ^'1 c?' J-^ ^5-511 ui)L>LuiiJ1

Una |ja_Xju3 I o^a ^ (Jii m"ij tjjOJkJl '-^ aJ i4i±flj &jj&U*> ^IjJ! i_§ ^oj&

(jjill liii JajsJ "Lflj^Ja dlJj Jjlj (jjill pLoJc . Sm'i'sl J^ilj .(jliojJI j

(j^aill ^ -» J[ j)<i'i 1 4 1 1 ~» > ^jiuLoljJ JJjoj J] jjiJjj j« ^Aljli!



^Ac 4_ij -> mil 4-a.fcLll « •» a .X" llj
)) i£j\£. ifijJa <*-lS q" 1

1

a ' C$-^l

Jjl i_g <*s >>a iiaj.ll ^i-"-fl->j t^^ n

%

Jl (J^iJl CjLxIajLqj i (j^jSJI

.4_lS ^j" ' * *' (_£jJI (j^jSJI Jl j a *'"
Jjl ^j*^ a 1 j a i^s II Jl3.o 4_itl_>i oL^-^-oj

j^ij ^ylJI SjjiLil ((5jj)flflll aJj^JI)) ^jjy-^ \\ Lajlj 'uJ^' j

tjrj-j^-ll jLa.fl.'»^!l ^ (^j^JI jj-oj JiAi ^1)1 c/iJjls-oll LSij ^\ <J=>ii

^jj^JI N • 4 1"^ II olj ol^lijjj)>'ill ^jj^ 3 -^'j^' (*? <j SjLoU

/^a * iAl pi lull JJ ajLil CjLxa^JJ ^aj ^ |-s l-i 0 4 4_ux>Lia CxiJ-S

jj^I ^)jiJI f-\ nlf. ^jjual (jOjj-aLil mil J^-i. (j^Jj tl ,^ j

JjLajJI (jl ^^ o"\ JjLajJI dl^ riitl" ^"jj "I a ' uxa 11 ^Lij-kJLi Lai o'ltfil

(^j-o icLLfi i ~.j «
LJ

jJI ixiljJI SyLlI jji tjj^-i .iS 4 nifl'i jj mi's II

.SjJ-olil 4^JU. Jl

(j-tu.uij t~i~\ wuLa »n Alan Gllth i^.a. ^j^ll ^a "iLual fl II O&La-

Iju*. v_Lu^JIj lla.
c
^i.L4uJI oj^-" jj^> 5jj>inl ^Ijji) Sj^flll j^->ij iMIT

J^i^Ti ^yJI ijjialll iijjjLiJl Ij^La — <iLjjiJI Cj^LkljJ J£ 4ji ^oJI

Jj^J W La-Lito 'J^-lj J^Laj (JiwIjJ i3 — 3^^' JjLajJI SXJ

(_^^SJI^ 4 >-mjJalla-oJjfl's II — d » i iU.ll AjjAiLiu'ill (_jjiLllj iJjLajJI \ ij

(2>aj . J^uaAjl I La>j[ <iui (3 I *"< Q >ftj — 4 0 \ » i«a I Ij
4-ijiSJI Sjj^jJI

Lajilaa.| pi A !"<•>" JjLajJI Sxjj
l
_Li5 oJ^-ll LT^^ ^ ^^l^'

till Jla (^jjJa ^ J\ ilL=>- (>» ^2-*^^ -t£>=^' 6^

jljiaill ^A-ij Jj-o (jxuJ^o ij-i-i Lajit jLi-J (Jl jl ' J-a-aJL LoAlc ^^11' Ji



loij UJ^' J CS^I Jjlaill (jlfi <dJj £-oj '(^afcJI

(3 (J£ Ij? On iSajjLaJI llcUo Cjvj£ l^iLij jJjj <jl <<jjtVill

iaiLj
t3_

> • jj^j ^| ,
(
jj^JJ Ija SjlCjll Jj-uai!l ,j£. p KY>

iulill ^ 1^ Jit

'^->JI GJ-aLuij <_£jJ1 (j^JI a ^ -» Jl (jjjjj^JI ^ -v (3 4 fl )r\\ei jrJas* II

(jl<Laj 4jI

.sxJ <sj3^> Jj=^ Jej-'3 a6, ><«Sj jj-^ csJ^-

Jl Jjiil 4-J^I ij*. 4^ti Jj,Uj ^Jj

l^Jjj dIJj C>>J c£jLu^l ,jl Ija jJLa j^>l »ifla5jJI 4jJji\ ^LcLLflJI Cijl

.(jjjljj 4 0 i^aj ^jJI ^^jJ I (j-o 4_i£.l_jill oLa.jn">ll

c c ^ t
c

JJ-ali Lgjl jOjj (jl£-«jl! lilclii (jl ^jc 4h-»SI,L SjjJ^JI iijLuaJtl L^ial

jjjl'o .» I tr>">jj tjl^JL LfllVo jl I ° " JJslj (jl tlAJ JjJ^JI Jx. JjJCaj

<sl!i^ tjo ii^UJI 'ujb1" ^ ualll (j^SJI

J Sjlil ji^l ^Sllj j^iJI Ca^j itliaJJ <5UaJl/il!SJI

tj al_>j La LLislj i(j^aiJI (j 4it jjj Jl llolmj j.jl '. . ...II |jj*

.ljry£ >>SI jq«lo JD (^>=>.l itlii Ji.lj 4x.LLfl

CjJJa (^jJI AjU-^> 11 JlLo <dljJj I
*'* Lai 4 i o ft>*j I ^y, 4_i (jj£JI (j£- I 'i n () fl I

<4aALa. <tfiUOj lyo-o ^o^l jjjjlj <j>iJI L^AjL^j-o Jl jjj 5,jj (j^i

ijjjLaJlj i(jjiJI flJcj <^j^JI jLaJu^L ^jjj^i iL5 (jc (^g't'tl

ijjjLJI 4 1^,9 j j «<! .^iall pIjjJU JjLJI (_yjlji j oIa> o5j .iajLiJI

Ijjfc (j^j C^llLJI llK jj <4_cuij jjlSLLI J| ,~mq"'>Ij 4-aLvll 4jwiMtlj



ijujLaJlj ^-1' 4_ijiij ijo J i-fcjlJl <jl Jl SjLi! ^jfc Lajjj t4 n i

"ill J^J |_ylilj i-i-XJ 4 i^lj 4jlg_i dllA (_>uaJ <jl "ill i^i^l (J

^1 (j^j^-i |»jJjJI <_isyi !_j_jJa j^klu (jjLalxfl jjl im"i J La La^j .

ft

ft

lJ*C _pJO (jl v_jo»jj 'Cl-J
'"^ J 1

~
>
~
l 4j£Jj .J >~>">U jA 4ja.l">~>'< La

pLiJuill CjJjitjJii i-ij-v <<^jJ.l ti^ts J*c j^Ij ^JLaJJ ^jjj

i,i»J Jjj jiJ jJ^I ^j^*1 ° I 4_i^jij -I j -a i_ij£.j^ ">l ^ >^1". £^oj 'J^*

.j-a-jJjj-Ju 4 Uc 4 i^l (J!Lo /jo 1 j 'i n 5 j

^ v \ A ~. n . ~ ^'.1 .J, oil ^j^LaJl d . .^.1

V<\o





LSIj^aJLj

4^ 4
a

_>
a ->. ^ ill ^j-Li pLjjI Ljj^ ^^l t_.u£-ll ^j-a 6Jj»>

jj! ^| ilia Uj^j
c
pJI (jjjll»JI (_>^f

ill iii J ^yjJI i^j-aJjJI Jl II (j-iJ Lie Jys 4x.j /i fi 4jjL(3_i (3 ^Lj^ CjjLAta





.(\<\r<\ id^l «ju3oi\)

i^JLiilaJl JjSlI ftJ^aJI j^JaJUj t^yv i/inr*>"H iloUu bjSlxa 4jaJLco

,4xalH i^Jiill J^a. <K ^ISJI 0=JU Afkj .ii^L^JIj

Lgjl 1|| tl'ij.l-^. J> aJ ujljII Scl^ill 4 m iajoS.]! iSj^isJI ,;,wnjlj

Jlc JajJJ <jl_fl£Ji <ui Laj d <nfl'> r-j<
- *i3 -.'»< Ijl LILoj 5&I^Lll

f-LjjUl 4_ujI_,jJ j*ji*Jl ij
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\ a r*j 4 ifl mifljl -.1 *i
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r. . X\ 1 1 1 , .IVs II j| £-aj .CjLa I in -.
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.5 J ni 1 4j (_^ojl ^-jl^ <4ijLsJLI (j j^ljjl 4jliAj <jl J3J ^jLuijl



i^Jjy(-Q^ 4jcaLi. 4j_iia^Q Laj ji£JI 4_>^>Jii i(j-aiLlil) J/JLtuL Jaj

^Jj_/l ft's I
"• 1-fl.C d o -"j y*X. 4_L^uljJ o Lai CxiS-ll Cj"i!L5-a J-fc '

"

i-i jJij ^g. 1 1 Uj K^jiA JjjJ^. 4_ul^ol 4_mljjJ N^"\A 4j_tu

^ 4fl inlflll "ixo jJ^lj inl i_)Ij^JIj il J-* ^ ola a jJ-u (_^jJI ji£JI

I j II jLiuil i_u^JI p
fc« "

.>*\0> ^jj/jjJiiJI ijj^JJ (_>^Lo

4j£J <^>^J I I^ajKaI LL-IjUJ
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ujJ ^Aj l ji£JI ii_

>
Iaj j 'j j S^jIjJI

(j-a J^l^j (^^aLi. ~
I qj J-fc igj}">"> i pLijj^dl J^a. «<Lol_xll i_)Lj^))

fr

<^jjJ < (^jNI v f\ i^j >Lj "*«
' **'l 'I lo-a i^jj^jj
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yu^Lo

4 * \ 4 o ^^p) ^^Y'^ nj^j^j^u <(j^jj^^j ^-j.-^iij sjLii njjj^j



j o.njl (^iJ ii^LuS!! jliiSli jx. ^y»^'t compelling
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jjci ^i^lj <Jjj^ ^ ^Luj^l

. L&JjJ^.j L^jLijI^-o[j 4jjIj^JI eJjlj-i-l S^IiLi-o <Lo J

S

fi

Jjjijjj Jj£. Jj !<Jj|jJI S/UuJI J^jJj-aj ijjjja ^&}\ K i'iK io 4 i^iQ

. \ ^AY 4<Jj_jjj > i < mi ni ^ jjj a < ' iL^_ilj SLu^JI <
*

*J >
j*^ (_)"> rii ilj^

Jx. SLiaJI <jl
(_)^aljLfll <4_LaJl Cilljj^JI <3 » >

.
Ul 4 tg m iojjLo

j»JI_£C)) 4jl^j£^j ^jjjLij ^^jLfii^a^ (_gj-iuJI (Jj-=>- ioL»JJ

.( N *\A • <<jjjJ

K^llJ. SjajOII (JIjjlJI

T'Nj^ ~^ "j 4jljJ^JI s-LjjiJI 4jua_o {y> \ ^ 0 V 4j-iu 6jjl_LiaJI

a.1 ,nr> iiLlj$^ ^ U> \ 1 1 jLiiiljlj £-i.i±ijpA j.*-) Lois ^Lkl_j^5



.UAY

4-i-lj q's II l*S i aLj 1 J II ^jC fc JlC _-l"^ II
<sS'

~"
'J 'l^0 ^JC Jj.Aa.j

(^1 j U l^Xlu L£ ^1 Ll^Kjl ii.UJIj .(jjUalllj , w i-v'l l

a nil (^1 ,J^r* a mj v LilJI 'IjL^ IjJUs^ fJ Ijl
(_rU.j .^lix

Ji^j-o ^Li 1jL=»- llJUa Ijl Lol 'Jj^l J-ua£ll 5pIjiJ 3.-<!l

.^^Jl SjLc ^j.Ja^11 L^j (^uj^t (^ylll iijjJaJI

LijjK-j-a Cjjb j^jjl 4x.j n-t II Jys 51 1 -< 11 Xii JlC j i^r. ijjj^

3j-luL»J.I ^> null Jys tiUj 8,1 i-j-J^fiaJI (j^fiJI iZi\ \\ j |»£J!

JlC i_) I"i's II (_$jy*~i
>^9 .4 -~» iril^JI (JI^)JJ Cil^CiL^-o £jl_>JI ^j-luJJ

^pS\ v_d=JaJI 4jjL».| .-.I ,..>UI".« t \j 4jjjUJI JlLa jllCil 4ji»5LLa

•(\JjJI c.\ -j '° II JLoj^I ^JC JlC c-j iAII ^5 I"i

1 j-CJ^i 4 >"t*\ n 4j«_il=> 4^yjL»JjiJI ^jJLaJI 4j«_uJL >jl ^>JjI ./l^

j>Jicl >ii-l JlC II Sj^^iij j-tiiLliJ SjjLjj iiSlj Sj^^ikj ^jLilCJI IJlA

4jLi I JjIj lllx. *>j| (Jj^ ''I a -J . 4j_jj^ju 3_/\-\^J _/
AJl_u JIjLq
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t^Jj ^ 4jcoL^ j-Jxj ^1 J t^_L*JI (3 Sj-jJ^JI CjIjI frit I i Jj^L^i i, ll ^j^I yutu

.mo

4_Luj J^jj^ 4_»_aL=*_i £t\ 0 II ^j-o 4 1 ml mi

.^LjjiJl jJLxJI 4jkJjJ» i_»Ll2k j^Jo Sxa J^*"^ O-ajiu

.Lgjl^ic Jj-J Lo$ 4 C uiiflll Jj-o i-^Jj

. \ ^ V \ < (Jj^>^AJ

^Aj i_£j£_ll ^'hj cJIj La Lla> Jja. 11 » 4.nK
t
]j£J <j»5Jl ij^laU

ifjjj j^J-Sj 4j£J t L&j\£.j i->jj-!l 4 >'mH £^pli (j ^o* J.v ^ Jjj^. JjJj

. \S"\V <^jjj^_o^ <MIT j£l> j\j ^^yjLjjci II (j^iLflJl Sj-i-o i^l ^*"° jjLiljj

mi
V. —

jLliol ^aLa_a Sel^i-ll 4 lj ... I j Kj < \ <\"\ 0 4_L«j BBC2 ^ C»*Jjlj

4 « > i Ull ^fU| K i'iI*^ i ^ i->ljj I .W-fc a u^IIij Jj*C n"i n

j ^Lajji Cj1_/^Ls-* ijjjLxu^jjLaj 'u^fJ ijLalii JjLii^

';J""'
'
'"J ' "'^ a i^-iJjj mi J gjjj hi ul iCjJLjJl pjjiJI ttLi^xfiJI

ft

>_.MUII jk^JI K j'iKj^ j 4-aJfl n's L^J| J^ua^JI j jj^g „. ..
"<

II jlS^I

LJI



>^"\> i^^J^i (Jjjis (Jjjlijjj tl^jl^J SjjJI 'J-oU-

pi 1 1(^"> Mill <—fll i'iYs nil J_
j
>-^J- 4_mljjJI (j-aJj "

'^ (J-lu-0 4j£J 4 fl >**H*.

^^A* Jj^jj^jj ' 'jj a m-o-l 4
' d)^?*0 ^-j^ j*^- *^>LU ij^jLLuijjI

. j'i (ii jviflj tl £^>lj JLSjo Jx. ^j"
* patchy i iLi^

.DNA LiJ!

i_>j^ 4 u gji^j 4jj^ ^ » jati) ^ o v ^^jaJ^ ^La^ju i^ji^

Ci^> *> ft (_y-*-^ JLat^Ll j^j-oj (ijy o SLi^a. 6j^-lu Cil i'iVv <ii^ 4_i
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r-
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1 Ifllj-^jl 1 1

1

iCjjj) \"\ hi i *J>_a^jjj^. j-CIu ^Ij t4_a-uJaJJ ^jLijjiJI cilljj^ll 4^_/ijjjLfc jjj^-S

. ( \ *i Q A 4j_uj Sjj mi 'in Cjj^jL* 4-X_Ja) \ SV • ..-.K -''''j*^

J-C Jj^LjJJ 4_i*oLi. 4jLtou LaA _j^jJI
J)"*"" »

j ( fl < i i.l s 4_lXo ^-^-1 \ *

,_>iiilj Jjxa_i (^ill (jijJ^Lw i-jIj^-J 4-tala. »X

.\<w\ ^
5j^-tu «p 1 » II j SLia. cjLij^j)) ^ytjAll (jlj'i * II >—>l"i<v II Ja~> i

5_jj_)JI ^ya j\ v\ II 4_» jjiJ t p I » 1 1 <j^> J-iisj j jl^J Lg_i 4 i ua-a. 4~i 4jjlj

.(\MV iiL^I 4 V,Ufl o^riu) NMV

ajjjua-o j *_i!jil £_Li ^jl jAju 4^j_^IijlJI (jjill o 1 1 'n -»
i
j I

S-iUL ^IjlJ^jl 4 ~ Ij I ^ „ ,j 4_»_aljj Uj .-L M»a. Lo-o 4jj|^JI U..,..~U

4l*u (j\JLjjl (J^s i_jj-L> La JJLJ ^"i-t. Sfrl^0 II I J i-w JIjj 4jl i4_>ji_ajj|

4Joj -~» 1 1, 1 ^a-lj
ifr"'"

*" 4ic Ol^jJ) Jj^" > . 1 1 "i*^ llj ( 4jLt jj-Q

(j CaJLSj ^^jJI Cjlj^aJaill plflini i
a uaj ^^jJI i \ *\ 0 ^ iLui <L>j/Vs 1

1

4 t » i ..ill ' n
aj ^jLojjJ ".^1 4j_Q_iJxLcij JjjLuJI jiL»J1

,N^"\Y <,jjjj ijj^Q m'Cjl 4_«_aUi. ^piu jlj / II > a i^yvj^_il •' *jl

^SJI ij^Jaj p
I >•» "

((4_l£L>^» > ^ I

»
" ' La-Li (_^jja

i
_JJka ^^ .^ ^ ~ 11

.O^jLtll 4 >'t»"> La j^.<iifl"> j i
a » 4'i^ I iJ^Liil JaJ

iiilj^j^jj <Jj-4_a^i. cJLa ija^DI l*S ul^-il fll I jj Laj 1 1 tj-oLi. (_>*iSLa



c.<S~>fl »tl jJ 0")->. Si^iill iiilUI iiJjJI (j^o il J-c Jj—sisJI di >*£
«j

. *\*\V£ t^allj dj^j^jj <^£JI IJjLti l^ j o 4fi<itii <j^L». (juSLo

_>L£

<4 ifl ihIqII 4 u£ 1 1 j-iuj! (jjiUI frLjjjj ijjljj^r*. (JljSLiuL

. \*\AY tJUu^uij ^jojuh fjiaii <JjiL\1I jkjdl s^^ujjU. (j^lj

_,L**£

cLiuilJ ixfiUll SjJaillj iAjJrJI L^a^j^jaJI <Laj5 dJjj <<Gljj

^-S> j»5kJl Sj^i 4 1>->5 £js 4jual_aJ1 <t*Loe.|^oj isLqJjuK L^j J-oaj ^jJI

Li^^J_jjuJt 4 i,n in'i La J*iLxc j*jl
t

*

-)
_j<uJjL* 4j jSil jJI ^aaI^JI j h <iili

I^JI i^tjl^jo ^ici^i gtll^j (jAua*^ ^Ja-IxuI Lajjii Oda. jl 4jujJjaJ!

^^tojL*. ^Lfl tJaca* II e^udj tSj OA-U dLliJ^Jl cLjCu^ JxdjlJ

IS-uKjI ^^ JJ OJJiJ gJ^J^'-* 6"u" '-"^ <i>^f

^'»a l.nll J*Jull >Ufc »-fl/^i JLC ^ *\ VY Llnu^ j ...Iflf. j^uJ-Q JLcX.1

J ^jj-uil (jx JS Jllo! ^ya <jfi&j\ uieJJ ibLgJI iajLSJIj tdl^fJ J^ii



Lalj>a»jlni

Jjt t(*&lxll (J (Jjjj
-> xLaJJ iCil-a*AjiJl Jjiiil ^ loa-lj i-ia-'j ,,\l-wa (J

4-*Jjt j^jj jij {ixoSJI (tLjjiif 4a*Jaili <UajjUJl ixuljjJi ajjfc

"51 JjL$JI J-QjJI IdA ^1 £Aj "fjfll <Uuij«ill JLeSuuxuJ CiljuLs-tt

.jjjl'wji'nl JLucij StiaJ ^yjJsji jj^ij

CjLau-ui^J! c-LiJ-ii^ *^JI ii^lajj 4 < > <n'iU ^j-U 4x.l -v lit 5JjL=«_<s

^Ljoi Ju».l iLutol^j t.jjjSJ.I i_jKJI lia uJj -Aa-lj JlL^-o (J 4juuL>J1

ijjLa^l (LEj^^jJoj Lids SjjJLaS
<
_j«a_jj»jij .4,j5 »H Jij 1 1^1Up il-vHj

jjjj <viilj uliLlIJ>-> H 4-Cu (J CtLvLni^ 11 ^ ^ ft I ijjjjvaJl 4_iiliJtS

l^jt£ JLac I 4.0 \£j ijjLfl-o dll.i'S <_il35Lil tCji ni,tuaJl

(». ji) 4jLs i(»jJjJI j (^-oj^LllI j^jlJ LjJfeUa l_>Ij^J1 Ijji ^,1 j_oj



d i iU11^ dlj^j^jj <Cjj^j^> .j .j <pLjjjJI d_£Lmia ndi^L (_^u£La

.(mi ij^^i

j£-S j <L2l!i 6_>J=ij tiaii
(_y
ikJjlj ji.Lol(kl <J i_>Li£Jlj

-i5 — Jju=&l J LkiaJil ^yjJi ifclfl-ll S^iaiJI ^JdflJ uJ^i — u

.(WA

Lfl ua.
(_y

jJI oliji-^ail Kj'.K j a J^. djl.Jyi dluujLuj^l O^Lflilj

:><U£ SoL^I iA^kJI)

jlj <DNA Ljj SLtaJI ob->J>^»> <jt iJjjjjlLI <Gl £_a SpI^LII

^y^iJ^j^ij lilJj yLfi I La^ oLi±I_a_/\J1 ^a 4£.j^lxOua " gj J .-.I > II

.jji.1 p^i iJ < i a i J^La <<Lul^aJI 4 niil'ifl H i_| n 4_LaJkl

jj l^i ) p~ j i (jn^ r"i a^l^ill ^ajLtul^a iO Loj I » I Li tJ_oj ^judl^a

.^1 Kj'.Kj.
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t^jjU iti'ijl t^jl^Lfl (jjj^-^l (jj-I^kU Lai 'J^^^J^T^1 tilJ CjLI t-> ~<-

v_iNi l^ill 4^>. 4

1

j lohjubLjjJI La H
J^. -> j _>Ij5i

^jiLLs ^jwnn j j*£JI <L>jU'.l 4_juiIj <LojILo <GLfl "UiJLCLj £_aj i(jjjLaJI

.WW

fJ-C — (£cjJl i/lxA^oLaJl (Jj^l A "> ' 1
1 ^jbLlo j" 1 1 1 a (J^- 4_lxuLluI «Lo,iiLo

ii jJajJ 5j i-v <LajiLe — ^ II 4 ^ jj.! .
"'•C II i_S

v
JL=».

jn nO-> ill £jLa. (jAuJ^a ^u-ijjj . >Ij^ ,3-*3 i5j^^^jJI fLi^iflJI^a II

. N ^ *\ V c n 1 1 j 1 1j >7i ^ * / . 1 1 ^

^j-Aa <4jjjk't)ll iiUL Lg.»jo^. <4j1.,-&1 O^lLaU ^i^'i

i3 J»0-*-!l 'Aj JULo J^J 4jxLu
I J I Sj^ai^a

.gr i*> mil

.N^'VA .Jjjj^ <(»JfJfjl t^jjjil ^jjiaJI ^^a-oJalj .J j»aj.>

_ajfcj <DNA LjjJI 4_ijj < fl t llu^I J^a^. — ^ ~- ~' ^J_>ij



igjjjj <j_u^j—<jj)juujl ii_uuLjaJ! (J i_jjl^jjLH (_>AjU » (
j^A-U) i_ftJj^J

j ,4-ojiuil oLujIjjJl «i Jj Jit jjsjj-o JLa&l ^jl j^H lift ^JAj

(j^jLuJil 4jsjL5 ^uojj sjjjtjJuljl SAjua 4j^jaj JLflj^lLI ijjj'),<ii,'u^j

.<_£jl_*Ji ^jLai! CmujJj j^joaJLj mlj I g 1A1U (jLfl plj i/-iL)jJi (^-0

j^j ttijjUaJI s-LjJ^U !_>jI£ <_iLi£ t>"Sx- ifljAaJt j »_>lj£JI IjAj

l*^Jf^ ^ Cajj^' j^- cJ^f J-^-* 6-° 14 "»<
>*»

c£5_>i

<UJjL ^jjl La IjJ-a-jJ i_jLlO YsA JlC pLalaJI J£ ^Jinj ,jt

jji ;_^o ^Jtjia. (Jjii.L fLcJjJI JJJXJ tiJjJ^J) pL^jitJI (3 6Loi*Jl j\i

il^jl^ Jl«j <<u»_>c. j X\ * • iLilj LojIj i_jLiSJi 1 jjt> (J jjiyi

t6jllil jJ^isa SJj-tuj ftUJ pUl^l <>e JjISJI ^1 Jjjj y

•^ AN 'djjj^ii ojS^j 'tj-ojJI 'Jjj^j Lfj^H-J^

(j^i^JI jj£ jiLuJI £^aJ 4jJLjk Sj^jus 4jus Lflii icLjjiJI



. \*\A> idjjjjoi 'a^J* L>"ii 'fj^J' o-° >>^l Sj^ou 'OjjU. JjJilj

sl-s Vjl (Jju^jlII (jj-a- "ill (jfti^jl <Lit£ a_/La ojL^j^jJ

d I ... a^ 4 .... . lj . ^jj^ ,^>a 1 ^ I | inlc. 5_/uLfi ' J->0 46Jju

icJjjj^jjj cHjjjLo iSj-t'ill (j^JjJ^ol '4 in a'i (_5.UI J^jJI »jJ_)jrua- ^Lfil

J
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\1& j jviaJl JLoaI J^-auJI i^JjaaJI ^Sljll Sj^JLjII jJljjJ! j^oj-a

(jot > <j-o tj^>- <Lu_>i Q I 'ij n i ^i*t 1 1 jjiJ itljA GjLlclj t_jlj£JI

.(^jjLd ixfljj 4_xjJa) ^"\A ijjjll jjiLiJj CjjLaj »(jliLj '(J^JiJ

SjJ^a. tl^jLojJ uuulla
ls
-a1«JI JLaJl t>> 4^3^

j»JljjJI ^.jfl
fl a ^ rr> ^jja Cn^ fi~v ^yjjLfl ^ n If. JaJj < Ir»fl9 ^aSj

«jl Ijlow (j^ajuai LixLs dLxAj .JLaJI jl 4flj5-> 11 j pIjju 6j-q

ioyLvjO 4xoJc ijJ ml ^j^lcjJj (J^J 4jjuixll CjLjjjI^JI dtt (j-o

4iLal_^La " ^jjiJ k<i /i- IjLiSjl tjjj '"J^J).1^ ^ dLu

»

aIj^j^aJJ 4jJLluj (j ojiul^jjji ^ U~i in > ^Jj .«4jjjJI ci">~> iij ij k'nIII

(j^jLol Jx. 4 fl itaj j5 4jl iij jiSl >o^l Jt 7»_> ^jl LoLc N *\ jju

.4jjJ^. jjt 4j SjLui^ll ^0^11 3^"' "'
'J '4->j t-i'JI 1 1 1)



hJ^jj_jjj <(_jui_jj Oj^^j 4 i-> juuI^-i 1 K Sj^iiLiA t(jjilX( ^La^JI i;^!^!

J£ j J^.lj) tliljSJl £^jup^o J^a- iilLa-a O^Lil^l SS'iLj L$ji

4j,aja>11 Lj "ifl."> olwL^-'^Li IjjLtal ^jjLLl jjj-uj (j^ajjij «i fl tin o (jJo^a

j^jjjjdi <Usi5 ixi'jlj Cil> 8 aii La JSLuuj .Lj-iuij pl fl roll LujAj

4jjJajJJ JjjjJ (jiijjjj 4-JlJIj £jjajSLxi>^!l 4_xcLj <Giaj La ^£Jf «L»^)iai]

4juAj J£j 4jx£J1 5j_>lsu p.1jjjl Jx. ur ,a ,lt , „l l JU-*J! <_>t!i£ « fl iha'N _»»

(_^Aifl JJl -i^-1 (JljJI 'La ia-'jl SjjJ^. 5^,,),<o,i j^j
lag j^-il

'j^kjj csAij-^ * « ) jj jvii (Uiisss^ <NSAY ^_)jjjLo X\ j^jJLjl ijj^

>Lj nifl'i 5jjj»JI L$J (^j-i-l ^yu<->3 dli&j . N^A\ ^jjjLa T • £jJLM

4jj^u^S Jj^pli d lcifl I„<1(} olc<^>" >H*j (jCu«ng (i i^GL* ^yl'»f£jj

^jLSuisj Lo Ijjfcj ij»iJI SjjJali p-Iil yvc. ft** H ftlxLjl <_j.iaJ

^dJl ^2>j »JLaJI tjUiJl 4jLj^ Jl ^jli La <_flluij£lj 4jLa-ijJ3 ^jjo

f\lu> Jlj Cc-aJ^-l CS-J^1

f '<r*^ t^^ 1
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0 1 I jx-lIi 4_uj_»JI
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j 4_u«j.il£^M 4 fiK o 1 !j j ill (J-ulII jljJj
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j fl i j c^l « ".VIj 3j jJI i^ftSLII Ijjjls (Iti-^' >Lal«JI ^»Juj£j t^-jTi ii a (Ji«J

Jys <Li3 L«j a joJLi i L^jl j Si j-sllj injLaJI cli^L-ojIlj (jl^SLII jMjjOJ (1^3^' >^

.^joJj^jui d l-^Ji <j^-Jj->- i-'^n CjL*.LlUj
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